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ERRATA. 

The Sbquencb op Plant Remains in the British Teat Mosses. 

Owng to Ihe author's absence abroad, and the proofs not reaching 
him UDlil after publication, several misprials occur in the text. 
The following are the chief errata : — 

Page 318, line 32, for plot, read foot. 
•» 3*o» i> >i Bycopus, read Lycoptts. 

,, 321, „ 12, Stellaria media, read Chrysanthemum Se^etum. 
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WILLIAM THOMSON 
BARON KELVIN OF LARGS 

P.C^ O.M., G.CV.O^ FJtSf F.ILS.E.» LL.D., D.CL. 

BORN JUNE 36. 1824; DIED DECEMBER 17, 1907 

BURIED IN WESTMINSTER ABBEY 

On the death of Lord Kelvin there passed 

away one who will always remain identified 
with the remarkable progress achieved by 
science during the nineteenth century. At 
the celebration, in June 1896, in honour of 
the jubilee of his professorship at Glasgow, 
Lord Kelvin referred to his original contri- 
butions to science '*as a record of persevering 
endeavour to see below the surface of matter." 
This endeavour resulted in profoundly modi- 
fying some of the conditions of life for many 
of the inhabitants of this world, in virtue of 
his extraordinary faculty of applying to prac- 
tical matters the fruits of his researches. In 
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this connection it is not necessary to do more 
than refer to the great part he played in the 
development of submarine telegraphy, in the 
improvements he effected in the sounding 
plummet and the manner's compass, in the 
invention of accurate and sensitive instru- 
ments for electrical measurements, and in the 
general advancement of electrical engineering. 
His researches on the tides added greatly to 
our knowledge, both theoretical and practical, 
of these important phenomena, and furnished 
another line of attack on the problem of 
solving the age of this earth. 

In pure science, by his researches in thermo- 
dynamics, wave motion and vortex motion, 
Lord Kelvin advanced greatly human know- 
ledge of the properties of matter. The whole 
civilised world recognised him as one of the 
most brilliant natural philosophers of all time, 
and now mourns his loss. 
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THE PHOTOGRAPHY OF COLOUR 

Bt chapman JONBS, F.LC, P.C&, sic 
JESgiisI CaUgft ff Same$, Imtim 

I 

As this problem has engaged the attention of innumerable 
workers for nearly a hundred years» and the best methods so 
iar known are now carried out on a considerable scale, it is 
obviously impossible to deal with the subject with any approach 
to completeness within the compass of an article such as this. 
I propose, therefore, to consider the principles involved rather 
than the practical details, and to deal with the subject broadly 
rather than minutely. 

It is worth while first to ask, What is meant by the expres- 
sion "photograph}^ of colour"? There is no doubt whatever 
as to what it means in its simplest conception. Ordinary 
photography depicts form with an accuracy and minuteness 
that far exceeds the best handwork ; and by special care — that 
is, the use of special lenses and of cameras made after the 
manner of surveying instruments — it is possible to get results 
that may be depended upon for surveying purposes. Not only 
is correct "drawing" inherent in photography, but also the 
rendering of light and shade—that is, the comparative luminosi- 
ties of the various parts of the object, within certain limits that 
are well understood. The simplest idea and the most acceptable 
method of the photography of colour is that in which the colour 
of the object is reproduced as automatically and correctly as its 
shape, and shall be visible on ordinary inspection as the colours 
of a painting are. Such colour photography has been eagerly 
8ou|^t for but is as yet impossible ; and if one is justified in 
judging of the future in the light of the past, it will remain 
impossible. There does not seem any line of work that can 
lead to such a result. From this point of view colour photo- 
graphy as now practised is always a compromise. 

The methods of both the past and the present naturally 

349 '3 
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fall into two great classes, or, more correctly perhaps, a greater 
class and a lesser class. The less important division includes 
methods in which a single homogeneous surface is employedy 

while in the larger division the surface is multiple or non- 
homogeneous. The first is generally an attempt to get as near 
as possible to the simple colour photography described above, 
while the second is entirely indirect in that it does not aim 
at producing colour at all, but only at automatically locating 
suitable dyes or inl-c^. We will consider the direct method first. 

Dr. T. J. Seebeck, of jena, in the year 1810 or thereabouts, 
while making some experiments as to the action of the solar 
spectrum on silver chloride, observed that the violet light of 
the spectrum produced a reddish brown substance sometimes 
inclining towards violet, that the blue light prociuced a blue 
substance, and the red a rose or lilac substance. If the silver 
salt had previously been exposed to light for a time, so as to 
darken it, there was a bleaching action where the red and 
yellow light fell upon it. It is hardly likely that he had in mind 
any photographic process whether in colour or otherwise, as 
photography at this time was not a practical art Eight years 
before this Sir Humphry Davy had described at the Royal 
Institution the attempts of Thomas Wedgwood, which he had 
supplemented, to get a practical photographic method — a print- 
ing process as we should now call it— but their prep; rations 
were very lacking in sensitiveness, and no method of fixing 
them was known. Of those who were primarily concerned in 
working out practical photographic methods, the elder Niepce 
began his work in 1814, Daguerre in 1824, and Fox Talbot in 
1833, and it was not until 1839 that their work culminated in 
serviceable processes. 

Edmund Becquerel appears to have been the first to specifi- 
cally attack the problem of the photography of colour. It is 
stated that he began his investigations in 1838, though he did 
not publish an^- results of them until ten years later. Although 
the earlier date was just before the methods of Daguerre and 
Talbot were published, there is no doubt that there was a 
general knowledge in scientific circles that something of the 
kind would shortly be made known, and that this directed 
the attention of many investigators to the possibilities of 
phuto^iaphy. But long before 1848 other workers had made 
observations concerning the photography of colour. Sir John 
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Herscfael had repeated Seebeck's experiment; Daguerre and 
Fox Talbot had both observed that in some of their photographs 
a red object produced a red colour in the picture ; and Robert 
Hunt had succeeded in obtaining colours on paper impregnated 
with various silver salts. Hunt put, for example, a prepared 
sheet under red, yellow, green, and blue glasses, and exposed 
the arrangement for a week to diffused light The silver 
chloride "became red under the red glass, dirty yellow under 
the yellow glass, a dark green under the green, and a light olive 
under the blue." But with a sheet "differently prepared" he 
tells us he obtained "a very beautiful picture," in which the sky 
was crimson, stucco-fronted houses came out slaty blue, and the 
green fields of a brick-red tint. 

Becqucrcl used silver plates and produced a la^'er of silver 
chloride on the surface of the metal, at first by the action of 
cupric chloride, but afterwards by the electrolysis of dilute 
hydrochloric acid with the silver plate as the positive electrode. 
The plaLc:^ were treated until ihc very thin la3'er of the accumu- 
lating chloride on their surfaces had passed through ccrtaui 
definite colour-changes, and then washed, dried, and warmed 
With these plates he reproduced, with a considerable measure 
of success, the colours of Inightly dressed dolls and highly 
coloured designs besides the solar and electric arc spectra. 

There were many others who busied themselves with 
experiments of this character at this time and for many years 
afterwards, making little variations and meeting with more 
or less success, sometimes propounding strange theories and 
endeavouring to justify them, and now and again ezpressmg 
their hopes and almost their convictions that what they sought 
for was just coming within their reach. But their hopes were 
ill founded, for the work was purely empirical; they had no 
sound principles to guide them, and no tcbI progress was ever 
made. Even the colours obtained were not permanent, and 
though some when considerable care was taken to preserve 
them lasted longer than others, the difficulty of "fixing" them, 
or rendering them even moderately stable, was never overcome. 
We shall shortly see sonu thing of the nature of the colours 
produced in these experiments. 

If light waves are similar to the waves produced by dis- 
turbing the surface of water, as they are supposed to be, it 
follows that if a continuous series of waves is refiected back 
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upon Its original path, the waves travelling in opposite directions 
will interfere with each other. It is clear that as they move in 
opposite directions each wave will alternately coincide u iih and 
oppose a wave of the series that it is meeting, and that where 
they coincide their moving power on the particle concerned 
will be added, and that where they are opposed the particle can 
obey neither impulse, and therefore remains stationary. There 
is thus produced a series of "standing waves," for although 
their crests rise and fall or move to and fro at (practically) right 
angles to the path of the disturbance, they move in neither 
direction along the path. The alternate crests move in opposite 
directions, and between each and the next there is a stationary 
point If these conditions are realised in light waves, the light 
will be quenched at those points where the movement of the 
particles (of the luminiferous ether) is prevented, and there will 
result a series of layers of light witii intervals of darkness half a 
wave length apart. 

Dr. W. Zenker, of Berlin, in 1868 published a small volume, 
Lehrbuch der Phoiochromie {Photographie in naturlichen Farben), in 
which he examined in detail the methods, theories, and resxUts of 
the work that had been done up to then in connection with the 
reproduction of colour. While satisfied that coloured light wnll 
under certain conditions produce something that reflects the 
same, or very nenrly the same, colour as the incident light, he 
points out the insufficiency of the theories of the change that 
had been put forward. The colour of the iiKident light, though 
reproduced more or less in all cases, is especially noticeable 
when silver plates are used, as in the method of Becquerel. 
He then explains the nature of standing waves, and advances 
this as an explanation of the phenomenon. The silver chloride, 
especially if violet (that is, slightly reduced), is so affected by 
the light that metallic silver is produced in layers, with intervals 
of no chemical change which correspond to the parts where 
the light is quenched by interference. He supposed metallic 
silver to be produced because it is necessary for the reproduc- 
tion of the colour that the product of the change shall be a 
good reflector. As to why r^ecting laminae of this kind should 
reflect only or chiefly light of the same wave length (or colour) 
as the light which produced the laminse when they are illumi* 
nated by white light, he explains that light of a greater or less 
wave l^gth than that of the original incident ray will be out 
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of harmony with the reflecting laminae, so that the reflecdons 
from the various lamrnse wiU be in dissimilar phases, and the 
resulting interference will cause this light to be more or less 
extinguished. But that part of the white light that corresponds 
in wave length to the original ray will be reflected at each 
lamina in sudi a manner that the difference in progression will 
always be equal to exactly a whole wave length, and therefore 
the light rdlected from each surface will reinforce that from 
every other. He considmd that this explanation followed from 
the wave theory of light, and required only one hypothesis, 
namely, that the product of the light action should reflect light 
strongly. 

Although Zenker was not entirely correct and his theory 
did not pass unchallenged, his work eventually proved to be 
of great importance. Still, it was hardly appreciated at the 
time, and was apparently soon forgotten. Perhaps the method 
of its publication militated against its being widely known. 

Lord Raleigh in 18S7, and Prof. Otto Wiener of Aaclu ii a 
few years later, both independently and without knowledge 
of Zenker's work, suggested that the production of standing 
waves migiit account for at least some of the results of the early 
colour photographs. But Wiener went a great deal further 
than this, and in 1895 published the results of an exhaustive 
examination of these methods, including the testing of pictures 
produced by them, to determine whether the colours were due to 
pigmentary matter or interference or both. He used a right- 
angled prism of dense glass with its three faces polished, placing 
the hypothenuse surface in contact with the spectrum photo- 
graph to be tested, with a liquid of high refractivity (benzene) 
between to exclude air, so that the refracting edge of the prism 
crossed the colour boundary. The colour was then viewed, 
with certain precautions, so that part of it was seen directly and 
part through the prism. With a pigmentary colour both parts 
remained of the same tint, but a colour due to interference 
was changed by the presence of the prism, so that, for example, 
yellow appeared bluish green. Wiener prepared some examples 
by Seebedc's method (precipitated silver chloride darkened by 
exposure to white light and then exposed to the spectrum), 
and found the red a rose-red, the blue greyish, and the green 
and yellow very poorly represented, if at alL He found these 
colours to be pigmentary, A modification, due originally to 
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Poitevm, but with slight improvem^ts, was investigated SQver 
chloride precipitated in paper was exposed to daylight in a 
solution of stannous chloride until darkened. It was then 
immersed in a solution containing potassium bichromate and 
cupric sulphate and exposed slightly moist. This reproduces 
all the colours more or less, but with a tendency towards a 
yellowish brown tint These colours also are pigmentary. 
The colours produced by Becquerel's process, in which a silver 
plate has its surface converted into chloride by the electrolytic 
method, were found to be chiefly interference colours due to 
the action of standing Waves, but there was pigmentary 
matter also present 

The colour obtained in these older processes being due 
entirely to pigmentary matter, except when a metal plate was 
used, the natural question is, What is the character of the 
pigmentary substance ? Wiener found that silver subchloride 
was sensitive to all the colours of the spectrum as silver chloride 
that has been exposed to light is, and as these two substances 
are alike in other properties, there seems little doubt that silver 
subchloride is the colour-sensitive substance in these processes. 
Wliy it sliould be changed by coloured light into a substance 
that has some approach to the colour of the light that falls 
upon it is a problem still unsolved. But it seems exceedingly 
unlikely liiaL any useful method of colour photograpliy will 
be realised on this line of work, because the colours at their 
best are only approximately similar to the colour of the light 
that produces them ; they cannot be fixed because the pig- 
mentary matter is decomposed by solvents of silver chloride; 
the subchloride does not bleach to white in white light, nor 
is it itself black— two conditions that must be fulfilled in a 
material that is to reproduce colours by the direct action of 
light Wiener suggested as the ideal material a black mixture 
of three differently coloured substances which are bleached to 
white by white light, and are sensitive in proportion to thdr 
absorption. In the next section the practical realisation of this 
principle will be described. 

We have already seen that " standing waves " were predicted 
as a necessary result of the undulatory nature of Ught, and 
it appears that several physicists sought to obtain experimental 
evidence of their existence, but it was not until 1891 that 
Prof. Gabriel Lippmann of Paris was successful If these stand- 
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ing waves could be produced in a photographic film, it was 
argued that deposits of silver should be obtained starting where 
the amplitude of vibration is greatest, with no deposit at the 
nodes, and that these layers would reproduce the colours that 
originated them when they were illuminated with white light 
and viewed under suitable conditions. This, therefore, would 
constitute a method of colour photography. It is obvious that 
for success the film used must be sensitive to all colours, it must 
have a good reflecting surface to send back the incident light, 
it must be transparent so that the reflected light may be as 
nearly as possible of its original intensity and that there may 
be a negligible amount of scattered light in it, and the sensitive 
material must be grainless, or very nearly so, for the layers 
of silver to be j;ruductd would be distant from each other, 
centre to centre, a dimension equal to only half a wave length 
of the light producing them. Lippmann solved the problem by 
coating glass with a suitable emulsion, and exposing it in a dark 
stide constracted to hold mercury. The glass side of the plate 
was turned to the light, and the sensitive film was backed up by 
the mercury which formed the reflecting surface. The evidence 
of his success lay in the facts that there was an obvious absence 
of pigmentary matter, the deposit being only grey silver, but 
that the colours of the original were reproducekl as theory 
indicated by proper illumination and inspection, and that the 
colours changed by treating the film in any way that would 
alter the distance between the layers of silver, as, for example, 
by breathing on the plate and so slightly expanding the film. 
Perhaps the chief difficulty of this method is in ensuring that 
when finished the film shall be in exactly the same condition as 
during the exposure, or at least that the distances between the 
silver deposits in the finished plate shall exactly correspond with 
the distances between the nodes of the standing waves of the 
incident light The chief drawback to the results is that they 
must be illuminated and viewed at suitable angles. Many 
workers improved the process in details, and some very excellent 
results have been obtained. 

It Still remained to actually demonstrate the existence of the 
laminae of silver in the film. Dr. R. Neuhauss, Mr. E. Senior, 
and others afterwards, cut transverse sections of Lippmann 
filiDb and obtained distinct proof of the presence of the lainmae, 
but by far the most complete and buccessful investigation of 
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these films has been published quite recently by Prof. S. R. 
Cajal of Madrid. As the resolution of the laminae requires 
an objective of a numerical aperture equal to or greater than 
the greatest available, Cajai swelled bis sections in water and 
so obtained excellent definition. He has photographed sections 
of all kinds, and analysed the effects by such methods as 
rubbing away the surface to distinguish between the effects 
of the superficial and the underlying parts. He confirms 
Zenker's theory ezactly, ezcept^ perhaps, with regard to white. 
This he found was not due to the production and mixing of 
all colours or even complementary colours, but to simple 
reflection from a superficial deposit of silver; and in tinted 
whites or light colours he also found this superficial layer, 
but here it is partly transparent, and the interference colours 
produced by the laminae below show through it. 

Althoiijrh attempts have been made, up to quite recently, 
to perfect the methods in which silver subchloridc is the 
sensitive material, 1 i;j])in:iiin's process mny be regarded as 
the final result of all attempts to photograjjli colour directly. 
It is an exceedingly beautiful process to the < xj crimentahst, 
but it has so many possibilities of error that it is very un- 
certain, and therefore unsuitable for general purposes as a 
method of photography in colours. 

II 

The Young-Hehnholtz theory of colour vision supposes 
that the normal human ^e is sensitive to only three fimda- 
mental colours ; that is, that the points of sensitiveness of the 
retina, whatever they may be, are of three kinds. When white 
light falls upon the retina all three are excited to a defmite 
(or equal) proportion, and when this proportion of excitation 
varies we become conscious of colour. Granting this, it follows 
that if the colour can be found that corresponds to each kind 
of sensitiveness, we shall have three colours that will, by their 
mixture, serve to imitate every possible colour, including, of 
course, black and white. These three fundamental colours have 
been determined from time to time by various investigators, 
and may be roughly described as red, green, and blue. We 
may then, for reproduction purposes, regard the light reflected 
from any object whatever, when illuminated in any manner 
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whatever, as consisting of a mixture of these three colours 
(or two or one of them), and by restricting the light that falls 
upon a sensitive plate to one of them at a time, a photograph 
can be made of each light-constituent reflected by the object 
The photographs are themselves colourless, but they are colour 
records, and it only remains to bring together the three 
colours as indicated by the photographs to produce a picture 
that appears of exactly the same colours as the original — 
because it has exactly the same effect upon the retina. In 
this case no colour is produced by photography or by the 
photograph : the colours are pigments or dyes, and the photo- 
graphy merely locates them. 

This is the principle of "three-colour" processes, and, 
speaking practically, all indirect colour photography comes 
under this description. It must not be thought that 
three-colour work is dependent upon the Young-Helmholts 
theory of colour perception — it is founded rather upon the 
experimental facts that underlie that theory. The theory and 
three-colour processes are better regarded as two independent 
products of the same set of facts, and these facts will remain 
whatever fate awaits the colour-vision theory. Indeed the 
connection between this theory and three-colour photography 
may not be so intimate as it appears to some to be. The colours 
that represent the three sensations are fairly definite, and 
Colonel von Hubl maintains that the number of sets of three 
colours that will serve for three-colour work is indefinite. He 
arranges the spectrum tints in a circle with complementary 
colours diametrically opposite each other on a plan that would 
take too long to describe here, and slates that the best three 
colours will be at the angles of an equilateral triangle drawn 
in the circle, and that the triangle may be in any position. 
At the same time he allows that practical considerations — chiefly 
the difficulty of getting a bright yellow by the mixing of 
pigments— obliges one to use the three colours which, if they 
do not exactly match the three primary sensation colours, 
approximate to them. Sir William Abney, who has done a 
great deal of work in this connection, and is a very successful 
producer of colour photc^^raphs, accepts absolutely the 
Young-Helmholtz theory of colour vision as his guide, and 
has redetermined the spectrum curves of the primaiy sensations. 
Mr. F. £. Ives, who has worked as a pioneer with very notable 
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success in many departments of colour photography, does 
practically the same, working arrording to Maxwell's curves. 
On the other hand it has been stated that the colour screens 
used by various workers do not always conform to their theories. 
It must be borne in mind, however, that the dyes and pigments 
used have to be selected from those tliat are available, and that 
the best of them are only more or less close approximations 
to what is really sought for. Thus the theories as to the selection 
of the colours are more diverse than the practice. 

Having obtained the red, green, and blue records, there are 
two distinct methods by which the colours may be combined 
to form the picture. Each may be caused to give its appropriate 
colour separately, as by the use of a set of three optical lanterns, 
each giving one of the required colours (the photograph regu- 
lating its distribution and intensity), the three coloured images 
being superposed on the screen. The three colours are added 
together, light is added to light ; the combined effect of all three 
is white and their absence is black. In the other method the 
three colour prints are superposed to form a single print or 
transparency. Here the combined effect of all three is black, 
their absence is white, and each colour subtracts whatever it 
can from the light— the same light that passes through all of 
them. In the first case the lights are added, and in the second 
the absorptions. The first is sometimes called the additive 
method and the second the subtractive method. The colours 
transmitted by each of the three prints in the second method 
must be the complementaries of those transmitted in the first 
case. Taking for example a red patch in the original, this 
will give a transparent or depositless place on the print that 
represents the redness of the original, which, by the triple 
lantern method, would give a red patch on the screen as required. 
But for printing or staining purposes this holds no colour, 
and so remains colourless, i he prints that represent the 
greenness and the blueness of the original will be coloured 
at this part, the former by a colour that absorbs green and 
transmiu red and blue, the latter by a colour that absorbs blue 
and transmits red and green. Thus the only colour that can get 
through the three superposed coloured images is the red, as 
required. In the additive method each image contributes one 
of the three colours, in the subtractive method each image 
subtracts or absorbs one of the three colours. These are the 



Digitized by Google 



THE PHOTOGRAPHY OF COLOUR 359 



general principles of three-colour photography in its two main 
sections. 

Three-colour photography is practised commercially on a 
very large scale, and has been investigated and discoursed upon 
by a vast number of persons. A great many have dealt with 
the subject firom a purely scientific point of view, while printers, 
ink*makers, and others look only at practical results. I propose 
therefore only to indicate the chief facts concerning its develop- 
ment, and to consider the most important processes that are in 
use at the present. 

It seems that Clerk Maxwell was the first, in 1855, to suggest 
the principle of three-colour photography, but he used it as 
an illustration of the functions of the three systems of nerves 
according to Young's theory rather than a suggestion for 
practical photography. He says : " Let a plate of red glass 
be placed before the camera and an impression taken. The 
positive of this will be transparent wherever the red light has 
been abundant in the landscape and opaque where it has been 
w.'ininig. Let it now be put in a magic lantern along willi the 
red glass, and a red picture will be thrown on the screen. Let 
this operation be repeated with a g^een and a violet glass, and 
by means of three magic lanterns let the three images be super- 
imposed on the screen ... a complete copy of the landscape, 
as far as visible colour is concerned, will be thrown on the 
screen. The only apparent difference will be that the copy will 
be more subdued or less pure in tint than the original." Then 
he goes on to consider the eye in connection with colour vision. 
At the Royal Institution in 1861, Clerk Maxwell showed the 
experiment, using tanks of coloured liquids instead of coloured 
glasses, and showed the photograph of a coloured ribbon with 
three magic lanterns ; but of course the colours were deficient 
because it was almost impossible at that time to photograph 
by red or green light. 

Within the next few years others engaged themselves with 
the subject, but the most notable worker was Louis Ducos du 
Hauron, who, in 1869, published a small volume, entitled Les 
Couleurs en Photographie : Solution du Problem. He described 
the triple lantern " additive " method ; n method of combining the 
three coloured images by means of mirrors; the production of 
prints by superposition of the coloured images — the "subtractive" 
method and a single-plate method— the three colours being 
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arranged in fine lines or otherwise on one plate. In I lie same 
year he showed some results at a meeting of the Societe 
Fran9aise de Photographic. By a curious coincidence, at the 
same meeting, Charles Cros entered into great detail as to 
the various possible methods of trichromatic photography. But 
Cros appears to have contented himself with suggesting how 
others might succeed, while Du Hauron put his notions to the 
test of experiment Moreover, it appears that Cros was wrong 
in his colours, recommending pale tints of red, yellow, and blue 
for the screens for getting the three negatives. 

Work of this kind was very difficult because of the insensi- 
tiveness of the collodion plates then employed to green and 
especially to red light. It was not until 1873 that the sensitising 
effect of certain dyes upon photographic plates was discovered 
by Pro£ H. W. Vogel. Now by this means plates can be made 
usefully sensitive even into the infra-red. The possibilities of 
special sensitising, and the introduction of gelatine dry plates 
about 1878, cleared away many difficulties that sorely hampered 
and might well have discouraged the earlier workers. From 
this time the development of three-colour photography was a 
matter of perfecting details rather than evolving new principles, 
and devising methods for converting laboratory experiments 
into commercial methods. 

The additive method — the three coloured images being 
separately illuminated — was made into a really practical method 
by Mr. F. E. Ives, of Philadelphia. Mr. Ives first exhibited his 
ajtparatus in London in 1892, but four years before this he had 
demonstrated the capabilities of the process at the Franklin 
Institute in Philadelphia. In 1893 his " photo-chromoscope,'* 
afterwards called " Kromskop/' was on the market. The appa- 
ratus that he devised for the purpose consisted of a camera 
for taking the three colour records, a triple lantern for projecting 
the picture on to the screen, and the photo-chromoscope. This 
last is a compact apparatus containing three coloured glasses, 
one for each colour record as required, and a system of mirrors, 
so that the three coloured images are seen superposed by 
looking in at the eye-piece. Shortly afterwards the apparatus 
was made stereoscopia The reproductions as seen in this 
apparatus are remarkably realistic, and I do not think that 
any method has surpassed them. The one drawback is that an 
apparatus has to be used for seeing the pictures. Mr. Ives says 
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that he worked "in accordance with the Young-Helmhultz- 
Maxwell theory of colour vision." '* Although the three funda- 
mental colour sensations are red, green, and blue-violet, the three 
images of the triple photograph are not made through red, 
green, and blue-violet glasses, nor by the action of red, green, 
and bluc-violet rays, but each by llic joiiiL action of all rays 
that have power to excite the respective fundamental colour 
sensations, . . . according to the measurements of Maxwell and 
Abney." Thus the colour screens used for taking the object 
each transmitted a large proportion of the spectrum. But for 
viewing or projecting the photographs Mr. Ives claimed to use 
colour screens that transmit only a narrow band of the spectrum, 
just that part in each case that will best excite the one sensation, 
and, as far as possible, that only. The disadvantage of narrow- 
band colour screens is that they transmit comparatively little 
light, and it has been stated that the screens used by Mr. Ives 
did not well conform to his theory. I have already referred 
to the uncertainty of these matters, but assuredly Mr. Ives was 
guided by the principles he professed, and he was remarkably 
successful. 

The necessity for taking three separate negatives is obviously 
a circumstance to be avoided if possible, and the method of 

avoiding it was pointed out by Du Hauron in 1869. It appears 
that the only practicable method of making one plate suffice is 
to divide the surface of the plate among the three colours, using 
such small parts of the plate for each that when viewed in the 
usual way these parts merge into each other, as the fine detail 
of the impression of a copper or steel engraving does. The 
drawback to all such methods is the great loss of light. If any 
colour is represented by only one-third the area of the patch 
that stands for it, the area which might otherwise be all colour 
is two-thirds black. Thus two-thirds, more or less, of the light 
that would form the image in Ives' apparatus is lost in a one- 
plate process, and the picture is correspondingly dulk 1 unless 
the light is proportionately increased. This can be accurnpiished 
if the picture is in the form of a lantern slide, by using the same 
light in the lantern but redudng the diameter of the picture od 
the screen from 10 f^. to 6 ft or less, or from 8 ft. to something 
under 5 ft 

The first successful methods of this kind were worked out 
independently by Dr. John Joly, of Dublin, and Mr. J. W. 
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McDonough, in America, from 1993 to about 1898. The later 
years of this period include attempts to make the process work- 
able^ so that the screens necessary might be manu&ctured in 
quantity, but in this they were not successful The three 
colours were arranged regularly in lines, and were applied 
to the glass by means of a ruling pen, though other methods 
were tried afterwards. Dr. Joly followed Ives very nearly so 
far as his colours were concerned, except that he sought to 
get his colours to accord with the more recently determined 
sensation curves. He used two colour screens — a "taking 
screen " that was fixed in front of the plate while the exposure 
was being made, and a "viewing screen" which was put in 
front of the positive for seeing the picture, and might be bound 
up with it as a fixture if preferred. The lines were always so 
coarse as to be obtrusive. 

Quite reecntl^', after years of work, Mr. John H. Powrie, of 
Chicae^o, assisted by Miss Florence Warner, has so far perfected 
a Uii)le-line method that he has been able to show many 
excellent examples. He has overcome the difficulty of making 
the fine coloured lines by discarding ruling methods altogether. 
He coats the glass with a suitable colloid made sensitive with 
potassium bichromate, and exposes this to light under a black- 
line screen tliat lias lines twice the width of the spaces between 
them. The light makes the colloid insoluble in warm water, 
so that when "developed" like a carbon print, the coating is 
entirely dissolved away yf/bm it was protected by the black 
lines of the screen, and remains on the glass in fine lines 
corresponding to the screen spaces. The plate is put into a 
solution of a green dye; the colloid absorbs the dye, and 
thus the green lines are formed. The colloid is made quite 
insoluble to fix the dye* The plate is then coated again, and 
treated exactly as before ; but care is taken that the black lines 
of the screen hide the green lines already produced, and a red 
dye is used. It remains to get the blue lines that shall exactly 
fill the spaces between the two sets of lines already obtained 
and without any overlapping of them. The plate is coated 
again, and this time exposed to light without the black line 
screen, but with its back to the light, so that the red and green 
lines on the plate prevent any light effect on the coating that 
overlies them and acts only upon the parts between. Warm 
water dissolves away the new colloid layer over the green and 
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red lines, leaving it exactly filling the spaces between them. 
The plate is put into a solution of a blue dye to stain the new 
lines. By this method the lines can be made more than twice as 
fine as by ruling (more than 600 to the inch), and the troubles of 
overlapping and of uncoloured gaps are entirely obviated. The . 
method of using these plates, when they are issued to the public, 
will doubtless be similar to that of the Lumi^re " Autochrome'' 
plates, described in the next paragraph. Their special 
advantages will be referred to later. 

It may be here mentioned in passing that during the last 
twelve years it has been shown by many workers to be possible 
to get three colours that will serve more or less well by the use 
of prisms en diiiraclion gratmgs instead of dyes or pigments. 
But these methods do not appear to lend themselves kindly to 
practical work, even if no exception is taken to the principles 
upon which they are based. 

Instead of arranging the three colours in lines, they ma}^ be 
disposed in small hexagon or square patches. These methods 
have been patented, but noihmg ])raeiical has yet come of the 
idea. The Lhiid alLcrnativc is a random grain, and a. niclhod of 
doing this by means of starch granules, which was described by 
Messrs. Lumi^re, of Lyons, rather more than three years ago, 
has just been commercially perfected. Quantities of starch 
granules of approximately uniform size are stained respec- 
tively red, green, and blue, mixed as thoroughly as can be in 
such proportions as present a neutral grey to the eye, and 
dusted over a prepared plate so that they adhere in a single 
layer, which is then pressed or dusted with a black powder (or 
both) to fill up the small spaces between the granules. A pro- 
tective waterproof varnish is applied, and on this is spread an 
orthochromatic emulsion, so that the plate is complete in itself^ 
photographic plate and colour screen in one. It is exposed on 
the camera exactly as usual, except that the glass side of the 
plate is put towards the lens, so that the light has to pass 
through the layer of coloured starch granules before it affects 
the sensitive film. The plate is developed, and the resulting 
negative, instead of being fixed, has the metallic silver that 
constitutes the image dissolved away, and the remaining silver 
Salt reduced to the metallic state, thus transforming the negative 
into a positive. When viewed as a transparency, the colours as 
well as the form of the ohginai are seen. The preparation of 
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these plates must be regarded as a triumph of manufactiiring 
skill. Some very excellent results have been obtained with 
them, but the colours are readily affected by error in their treat- 
ment The ** grain" of these plates is not so fine as one might 
suppose from the fact that starch granules are used, for it is 
apparently impossible to thoroughly mix the differently coloured 
granules. They occur on the plates in groups up to a dozen or 
more of one colour, and the groups are visible by a magnification 
much too low to show the individual granules. 

A one-plate process such as that just described obviously 
must have the same dyes for taking the photograph, that is for 
dividing the colour of the original into the three fundamental 
colours, as for viewing the result, and this is a disadvantage. 
It is due to the wide permissible choice of colours and the 
non-critical comparison of the resulting colours with those of 
the original that the results are acceptable. These plates re- 
produce the colours of the spectrum very poorly. Presumably 
in the selection of dyes the best compromise has been made for 
such photography as the plates will generally be used for. It is 
practically impossible to multiply such colour photogi aphs by 
exposing a new plate to light under a finished plate, because, as 
we have seen in the first plate, two-thirds of the light is lost, 
and the effect of making such a copy wuuld be to lose two-thirds 
of the light passing through the first. Such a copy would, 
therefore, have about eight-ninths of its surface dark, reducing 
the light that would otherwise be available to about one-niiiili, 
and it would be so dark as to be almost useless. Mr. Powrie 
has shown how it is possible to overcome the difficulty when 
using his plates, by fixing a mirror on each side of the printing- 
frame so that the light impinges on the plate from three direc- 
tions, and then by suitably separating the two plates by a sheet 
of glass or celluloid every line in the upper plate— the picture — 
can be made to give a line of three times its width on the lower 
plate. So each of the three colours in the upper plate covers 
the whole surface of the lower plate^ and no light is lost. By 
using light that corresponds to one colour only, it is possible by 
this means to get a record of that colour on an ordinary plate 
that is continuous — that is, that covers its whole surface instead 
of being as the original is, in lines that cover only one-third 
of its surface. Three separate continuous colour records, one 
for each colour, can thus be obtained from the original single 
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plate, and any three*coloi]r process can be worked irom these 

records. 

The subtractive method, in which the three coloured prints 
are superposed, and each subtracts its quota from the light 
that passes through, was foreshadowed by Du Hauron and by 
Charles Cros. The production of transparencies in this way 
engaged the attention of Mr. Ives, and in 1893 he showed me 
a very fine example, perhaps 8 in. by 6 in. or larger. But it is 
to Mr. Sanger-Shepherd and his firm that we owe the estabUsh- 
ment of this process, and the supply of the necessities for it, so 
that it can be worked by any one who wishes to do so. The usual 
three colour records are obtained; the one from the red screen 
is printed on a lantern transparency plate and the image is 
toned to a greenish blue colour, and the other two records are 
printed on bichromated gelatine films supported on celluloid, 
exposing through the celluloid. These, after development in 
warm water, are stained by suitable dyes, and then mounted on 
the greenish blue image, preferably by cementing them together 
with Canada balsam. One advantage of this method is that the 
three coloured images can be tentatively placed together, and if 
one colour is predominant a little of the dye can be washed out 
from that print, while if one is deficient it can be stained deq;»er. 
A somewhat similar method was introduced in 1895 under the 
name of "Pinatype" by Messrs. Meister, Lucius & BrOning. 
Three transparencies are prepared from the ordinary three 
negatives, and under each of these is exposed a sheet of 
bichromated gelatine. These gelatine prints are washed, and 
each is immersed in its appropriate dye solution. The dye is 
absorbed where the gelatine has not been acted on by light, but 
where the combined action of light and the bichromate has fully 
affected it, it is hardened and dors not absorb the dye. 7'hese 
are called " print plates," tor then- function is to give up the 
dyes they have absorbed to a sheet or glass coated with a soft 
film of gelatine, which is pressed into optical contact with each 
"print plate" in turn. The "print plates" can be used re- 
peatedly. Messrs. Sani;cr-Shepherd have perfected somewhat 
similar method for making colour prints on paper , but their 
gelatine prints, which absorb the dye and then give it up to form 
the final picture, are developed in warm \\ at«. r anci so form low 
reliefs. >\.s " carbon " prints can be made in any colour, some 
of the hrms that make carbon tissues have devised methods by 
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which three carbon prints are made of the required colours from 
the three colour record negatives and then superposed. 

As any method by which the three coloured impressions can 
be superimposed on paper will g-ive a three colour print, various 
printing-press methods are available, and bome exceedingly fine 
work has been done by collotype printing, the printing surface 
being of hardened gelatine and inked up with printers' inks. 
But the process that is of all the most advantageous, especially 
where many impressions arc wanted, consists in the preparation 
of three "half-tone" blocks, one corresponding to each of the 
three colour records, and making from these three superposed 
impressions in the three necessary colours. The greatest 
difficulty of these methods is in the getting of suitable inks, 
for they should not only be of the correct colour, but they 
(or at least two of them) should be transparent, and they should 
be permanent The most suitable colouring matters are too 
.fugitive, so theory has to be compromised, and as none are really 
transparent there is always a tendency for the colour last printed 
to predominate. In spite of these drawbacks very excellent 
work is done commercially by this process, but probably never 
without "fine etching "—that is, proof impressions from the 
blocks are compared critically with the original by persons who 
have been trained to appreciate colour and drawing ; and where 
the tints are incorrect the alterations required are marked on the 
impressions, and the blocks are returned to the etcher, who 
works on the faulty part. In the best work this proofing and 
correction is repeated until the result is satisfactory The " half- 
tone " block prints a series of dots equidistant from their centres 
and larger as the tone or shadow is deeper. In superposing the 
three impressions no attempt is made — indeed it would be prac- 
tically impossible — to print the corresponding dots exactly over 
each other, and the result is that sometimes the dots are super- 
posed and sometimes juxtaposed, according to chance. This 
might appear to lead to a mixture of the additive and subtractive 
effects, and as the colours for the one method must be the 
complementaries of those used in the otiicr, it niighi be supposed 
that confusion would result. It is not so, however. Where 
only one ink is required, and where all three are required to 
their fullest esctent to give black, the case is simple. Take the 
intermediate case of a grey produced by juxtaposition only of 
the three inks and in such a manner that the white paper 
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is completely covered. As each ink absorbs one of the three 
fundamental colours, we may describe the grey roughly as one- 
third black and two-thirds white. If now the three colours are 
superposed they will produce black, but only one-third of the 
area of the spot of white paper concerned will be covered, so 
that the result will be actually one-third black and two-thirds 
white — ^practically as before. 

In all the processes so far considered the colour has been 
produced by light, or its distribution has been controlled by it. 
But there is a radically different method that has been in the 
minds of those interested in these matters for ncnrly thirty yenrs, 
and latterly has been worked upon by many in\ psti<]^ators with 
more or less, but on the whole gradually growing, si:rcess. 
The three necessary colours are put on the paper to begin with, 
and the light destroys or bleaches Uiose that are not wanted. 
The method cltpcnds upon the fact that light can affect a sut)- 
stance only wlien it is absorbed, and therefore when a mixture 
of unstable coloured substances is exposed to coloured light, 
there is always a tendency for those substances that are of the 
same colour as the light to survive the longest, because they 
reflect more of the light than the others. The difficulties in 
working out such a method are many. The three dyes must be 
of the right colours, they must be about equally bleachable 
by white light, they must be readily bleached or the exposure 
would be too prolonged, and it is desirable that they shall be 
rendered more stable after the exposure. Dr. J. H. Smith of 
Zurich about a year ago put this method on a commercial footing 
and issued the paper ready for exposure beneath the coloured 
original under the name of ^^Uto" paper. The colours are 
made more sensitive by the addition of anethole, and after the 
exposure the print is soaked in benzene or acetone to remove 
the sensitiser. This paper gives surprisingly vivid reproduc- 
tions of the colour of the original, but obviously the prints 
are not very stable to light. 

Thus the present practical methods of colour photography are 
" three-colour " methods, and they do not aim at reproducing 
colour, but only at imitating it. If the imitation is perfect by 
daylight it will probably be faulty by artificial light, and a 
spectroscopic analysis of the two colours will at once show their 
differences. The periection of the imitation depends upon the 
skill of the worker as well as upon the characteristics of the 
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method The colour of the photograph is not impersonal 
evidence of the colour of the original ; but the same qualification 
applies to the vast majority of observation records. This much, 
however, may be said in &vour of three-colour processes — 
if a series of photographs is made by the same process and with 
the same materials, the discrepancies of colour would probably 
be more easy to trace than the random errors possible when 
the colouring is done entirely by hand Moreover, any one who 
is accustomed to photographic manipulations and others with 
practice can work some of the processes, while it must be the 
comparatively few who can ever hope to become skilled in 
applying colours with the brush. 
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THE EFFECTS OF ENVIRONMENT AND 
NUTRITION UPON FERTILITY 

BY FRANCIS H. A. MARSHALL, M.A., D.Sc 
Lecturer oh the PAysioiit^y of Reproduction in the University of Edinburgh 

Experienced breeders of animals have seldom failed to recognise 
that the generative system is particularly susceptible to changed 
conditions of existence. Buffon long ago commented on the 
fact that the domestic animals are as a rule far more prolific than 
their wild representatives, and Darwin, who made the same 
observation, was disposed to ascribe the increased fertiHty of 
the former to a long habituation to a copious food supply 
without the labour of seeking for it. On the other hand, it is 
equally well known that wild animals when brought into 
captivity often become sterile, while there are numerous 
instances also of domestic animals failing to breed as a result 
of removal to a new environment. Such sterility, when it occurs, 
is not necessarily (or even generally) associated with disease 
or want of vigour, for, as Darwin observed, wild anim,ds in 
confinement are not infrequently notorioubl} healthy and 
long-lived, and nevertheless fail consistently to produce young. 
There is no evidence that the reproductive organs are them- 
sdves diseased, yet they seem incapable ti porforming their 
natmral functions. Moreover, in those cases in which wild 
animals in captivity have proved fertile^ the capacity to breed 
Is not necessarily inherited by their offspring, although, as a 
general rule, the fertility tends to increase in subsequent 
generations. Thus, it was a considerable time before the 
canary bird was fully fertile, but it eventually became so, 
whereas certain of the nearly related finches, while produdng 
hybrids with the canary, only occasionally reproduce their own 
kind when kept in captivity. Other wild birds again, such as 
most members of the great fiunilies of ducks, pigeons, and fowls 
breed as readily in confinement as in their natural state. 
Similar differences occur in the various groups of mammals. 
For instance, bears breed less freely in the Zoological Gardens 
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than most other carnivores, although it is difficult to assign 
a reason for this fact. Furthermore, it was pointed out by 
Darwin that close confinement cannot be regarded as a sufficient 
explanation of infertility in such cases, since the semi-domesti- 
cated ferret, for example, breeds readily when kept in closely 
cramped hutches. 

There can be no doubt that those environmented conditions 
which are conducive to the occurrence of ** heat" or oestrus are 
generally also favourable to fertility, for although it is true 
that many animals which have never succeeded in producing 
offspring in captivity have been observed to experience oestrus 
and indulge in sexual intercourse, there can be no question 
that a prolonged or frequently recurring sexual season is 
usually associated with an increased capacity to bear young. 
The origin of the breeding season has been discussed in two 
papers by Mr. Walter Ileape,' who lays considerable stress on 
the part played by nutriti\'p influences, as shown especially by 
the effects of certain stimulating foods upon the generative 
functions of sheep. But it is none the less evident that 
nutrition is not the sole factor in determining the time for 
breeding, for, as Mr. Ileape points out, its occurrence is to a 
great extent seasonal, and is governed both by external forces 
(e.j^. climatic influences) consequent upon periodic change, and 
by init rnal forces dependent on the inherited capacity of Uie 
individual. 

Some interesting observations made by Mr. Bks on various 
kinds of Amphibia seem to have a bearing upon this question.' 
This observer shows that azolotlsj as well as certain species of 
frogs and newts, can only be induced to breed in captivity in 
the presence of particular environmented conditions. Mr. Bles 
found that by feeding them copiously in summer and allowing 
them to hibernate in winter, and afterwards suddenly trans- 
ferring them to an aquarium stocked with growing plants and 
provided with running water or with suitable pond water, 
these animals could be induced to spawn within a few days. 
He draws the conclusion that the difficulty so often met with in 
inducing Amphibia to breed is not due to any toxic influence 
on the gonads resulting from dose confinement, but should 

* Heape, Q/tar/. Jaum. Micr. Scietue^ voL xliv. 1900 \ Proc. Royal S<k. B, 
faotvi* 1905* 

* Bias, ThMf; JK^w/Sw; JUMtfjpl^ vol. adi. 1906. 
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rather be ascribed to the absence of the necessary external 
stimuli without which the generative organs of animals are 
incapable of discharging their functions. This view may also 
help to explain why some animals (e^. insects) make their 
appearance m great numbers in one year and are comparatively 
scarce in another. 

In those animals which, as a general rule, breed readily in 
a state of domestication or confinement, it is probable that 
nutrition plays the most important part in regulating the 
capacity to produce offspring. That an insufficient or markedly 
abnormal diet must affect this power is almost self-obvious. It 
is also clear that the effects of excessive nutriment are likewise 
prejudicial to the proper discharge of the reproductive functions. 
No better example could be given of the way in which over- 
feeding results in a condition of sterility than that afforded by 
the barren Shire mares which have been a noticeable feature at 
recent agricultural shows. Breeders of cows and she<"p have 
learnt from long experience and at great cost the di^ablrous 
consequences of an over-nourishing diet upon the fertility of 
their stock. It would seem, however, that owing to the desire 
to excel in liie show^^ard breeders of draught horses are falling 
continually into the old error. In the classes provided for 
barren Shire mares there are invariably to be found some of 
the finest specimens d the breed, so that those animals which 
appear best calculated to produce a superior class of foals are 
useless for stock-breeding purposes. Little or nothing is 
certainly known regarding the way in which excessive feeding 
checks the tendency to conceive^ but this result may probably 
be ascribed to fatty degeneration in the organs of reproduction. 

It is a somewhat remarkable fact that, although numerous 
experiments have been undertaken to determine the effects of 
different methods of treatment upon wool, meat, or milk 
production, no systematic attempt had been made until quite 
recently to deal with the factors which influence fertility in 
livestock. A few years ago, however, the Royal Agricultural 
Society instituted an inquiry into the causes of barrenness and 
abortion among different breeds of sheep in the south of England. 
The investigation was conducted by Mr. Heape, v;hose report 
was subsequently published in the Journal of the Society.^ 

1 Heqpe, ^^Ahot^oa^ BarrnuwM, and FeitUity in Sbmep,*/mt, Rsytii Agrti, 
S§t,'nlLx, i899i 
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In this report it is shown that in the season 1899 the por- 
portion of ewes which failed to breed or which aborted their 
hunbs was 6*76 per cent, and that the number which produced 
twins was about 30 per cent. The most fertile of all the breeds 
was the Wensleydale, in which six flocks consisting of a total of 
319 ewes produced a percentage of 177 43 lambs. The effects 
of locality are also discussed, and there is an accumulation of 
evidence which seems to indicate that the character of the district 
is not without influence on the fertility of the breed. Thus the 
records show that whereas the sheep belonging to the Lincoln 
variety in Yorkshire produced an average of 47*57 per cert, of 
twins, those in the home county had only 25' it per cent., while 
those in neighbouring counties produced 337S per cent. With 
other breeds the variation in the fertility in different districts, 
while quite noticeable, was not so pronounced as in the Lincoln 
sheep. 

The report shows, further, that the fertility of a flot k depends 
greatly upon its management, that the quality and quantity of 
Liu- food supplied affect the condition of the sheep and so 
iniluence tl»eir capacity to breed, that bome seasons arc lar more 
favourable to fertility than others, and that sheep-stained pasture 
(lU. pasture on which sheep have recently been kept for some 
little time previously) is often prejudicial to breeding stodL 

As a result of a recent investigation upon the reproductive 
processes in sheep, it has been shown that (in the breeds 
Investigated) the normal percentage of Graafian follicles 
discharging their ova at any single **heat'' period does not 
appreciably exceed the usual percentage of Inrths at the lambing 
season. It would seem, therefore, that a comparative scarcity of 
twins at lambing time is almost certainly directly ccnrelated with 
an abnormally small ntmiber of ripe follicles in the ovary at 
tupping time (f.^. during the breeding season). An unusually 
low percentage of twins is closely associated with barrenness. 
This fact is generally recognised by flockmasters, and Mr. Heape's 
statistics prove it very clearly. And since habitually (i.e. con- 
stitutionally) barren ewes are a rarity, there can be little doubt 
that barrenness is due normally to the same cause operating on 
a more exaggerated scale — i.e. to the absence or great scarcity 
of Graafian follicles available for ovulation during the tupping 
season.^ 

> Marshall, J*M, Tram, B. vol cxcvi. 1903. 
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Scarcity of ripe follicles at tupping time must clearly result 
either from retardation in follicular development or from an 
unusual amount of follicular degeneration, either recently or at 
some previous period in the animal's lifetime. Degeneration of 
follicles is by no means uncommon iii the ovaries of sheep, and 
appears to be most frequent in those which have attained to 
from one-eighth to one-half the dimensions of the mature follicle. 
It may set in, however, at practically any stage of development. 
The follicle, instead of continuing to grow, undergoes a series of 
retrogressive changes, which result in the, shrivelling up of the 
ovum and the ultimate absorption of the entire contents of the 
follicle. There can scarcely be any doubt that the degeneration 
is usually the result of an insufficiency of stimulating power at 
the disposal of the ewe. 

That scarcity of mature follicles in sheep's ovaries at tupping 
time may be due to retardation of growth is a conclusion that is 
based on inference rather than on direct observation, for little 
is known concerning the rate of development of the Graafian 
follicle. There is every reason for believing, however, that the 
process of ripening can be very largely influenced both by 
insufficiency of food supply on the one hand, and by artificial 
stimulation on the other. 

This fact has been perfectly well realised for j^ears past by 
certain individual flockmasters, who have consistently practised 
the methods of flushing or artificially stimulating their sheep by 
means of an extra supply of special food at the approach of the 
breeding season. It is somewhat surprising, however, that no 
precise records of the effects of flushing upon fertility had been 
collected until quite recently, when the Highland and Agricultural 
Society of Scotland undertook an inquiry upon this subject 
The absence of published information may perhaps explain the 
prevalent ignorance of the results of flushing among many sheep- 
breeders who have never adopted it. 

In a preliminary report upon the Highland Society's investi- 
gation^ coiUiiiiiing the lambing siaiistics for various Scottish 
breeds in tlie year 1905, it is shown that the percentage of lambs 
bom was, as a rule, largest among flocks which had been 
subjected to a process of artificial stimulation. The method 
adopted was to feed the ewes upon turnips, oats, dried grains, 
maize, or other artificial food at the tupping time and for about 
> ManhaD, Pfpc RcyalSec B» vol XkbtL 190$. 
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three weeks previously, while maintaining them upon grass 
only during the greater part of the year. Some flocks, however, 
received a limited quantity of additional food (turnips, etc.) during 
pregnancy, and especially during the latter part The statistics 
show that in the flocks which were treated in this way the 
percentage of lambs per ewes' was considerably in excess of 
the average percentage for flocks which received no special 
treatment, while the percentage of barren ewes was generally 
appreciably less. In some cases the number of lambs per ewes^ 
in the flushed flocks was nearly 200 per cent. Among flocks of 
the same breeds (Border Leicester or half-bred Border Leicester) 
which received no sort of special treatment, the average pro" 
portion of lambs per ewes' was between 150 and 160 per cent, 
while flocks which were placed upon superior pasture at the 
approach of the breeding season (without being otherwise 
specially fed) generally produced a slightly larger percentage of 
lambs (about 160 per cent.). 

It may be of some interest to describe more precisely the 
method of treatment adopted for certain of the flushed flocks in 
which a relatively large number of twin lambs were produced. 

In one of these the ewes (which were half-bred Border 
Leicester by Cheviot) were fed upon grass only during the 
summer previous to tupping. For three weeks (during tupping, 
beginiuiii; of October) they were allowed a full supply of turnips 
upon grass. Between tupping and lambuig (rive months; they 
were given a mixture of dried grains and turnips, and lamb 
food for three weeks before lambing. The rams (which belonged 
to the pure Border Leicester breed) were fed upcm bruised oats 
during tupping. The percentage of lambs per ewes* was ipi'S* 
One ewe had four lambs and 12*5 per cent had triplets. None 
of the ewes were barren and none aborted. 

In a second experiment the ewes (which were also half- 
bred), after being kept upon grass during the summer» were 
supplied with Bombay cake, bruised bari^, and a tittle linseed, 
as well as turnips and cabbages during the tupping season. 
Some turnips were given during pregnancy. The rams (Border 
Leicester and Oxford Down) were treated in the same way. 
The percentage of lambs per ewes* was 19375. None of the 
ewes aborted and none were barren. Triplets were produced 
in 13*5 per cent, of the ewes. 

■ That it to tty, the nnmber of knibt per 100 ewes. 
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In a third case the ewes (half-bred) were placed upon 
superior pasture at tupping, and from that time onwards until 
lambing tiiey were supplied with hay and turnips. Previous 
to tupping they were fed upon grass alone. The rams (Border 
Leicester, Oxford Down, and Cheviot) were treated similarly to 
the ewes before and during tupping. The percentage of lambs 
per ewes* was as high as 196. Out of ewes 33 had triplets. 
Two ewes aborted and one was barren. 

In another experiment 60 ewes were placed upon rnpe and 
seeds at tupping time. Of these, 54 produced cither twins or 
triplets at the following lambing, the proportion far exceeding 
that in the other sheep which were upon the same farm but 
not similarly treated. 

The Highland Society's invest ii;;itio]i is still in progress, 
and a full report will not be issued until next year. In the 
meantime it may be stated that further experiments fully 
confirm the conclusion that stimulation of the generative organs 
of sheep by a system of special Iccdmg at the beginning of the 
breeding season results in an increased crop of lambs at the 
following lambing season. The twins appear almost invariably 
to have been bom early during lambing, thus showing that the 
reproductive activity of the ewes is usually greatest at the 
beginnmg of the breeding season. 

There is abundant evidence also that flushing tends to hasten 
the time for breeding. It has been shown recently that the 
condition of "heat* in animals is probably brought about 
through the action of an internal secretion or chemical excitant 
elaborated by the ovaries.* It wouM seem, therefore, that the 
artificial feeding exercises a stimulating influence over the 
secretoiy activity of the ovaries, while at the same time pro- 
moting the more rapid growth and maturation of the follicles, 
and causing a larger number to discharge their ova at the 
earlier "heat" periods of the breeding season. 

It has so far proved more difficult to obtain precise informa- 
tion regarding the effects of flushing in one season upon the 
fertility of the sheep in after-years. The more usual experience 
of those flockmasters who have practised flushing appears to be 
that this process is not in any way detrimental unless it is over- 

1 That M to say, tbe mnnber of lanibs per 100 tmti$. 

' Marshall and Jolly, Ph7. Tram. B, vol. cxcviii. 1905. Cf. also Knauer, Ank, 
/ GynaJk. toL Ix. 1899 ; and Ualbaa, S,B, Akad, Wiu, Wieo, vol. ex. 1901. 
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done. If the artificial feeding is ezcessivet and the sheep are 
made to depend for the rest of the year {ig, during gestati<m and 
afterwards) upon nothing better than sustenance diet, one might 
reasonably expect the ewes to deteriorate, and their subsequent 
fertility to be impaired, it is apparently for such a reason as 
this that some breeders, especially in England, regard the 
practice of flushing as altogether to be deprecated. In this 
connection it should be mentioned that there is some evidence 
for the belief that if sheep are flushed in one 3'ear, the process 
must be repeated in the next, and that if this practice is not 
adopted, tiie ewes tend to be less fertile than if they had never 
been flushed at all. 

On the other hand, certain of the reports show that sheep 
which produce twins one year, in a large proportion of cases 
bear twins also in the year following. This appears to occur 
irrespectively of flushing. It would seem, therefore, that an 
incitased degree of fertility is a characteristic of certain 
particular ewes. 

Before concluding this brief suminary of recent investigation 
upon certain of the lac lots which control Icrlility, 1 may take 
this opportunity of urging the importance of further inquiry 
in the interests of the livestock industry. In these days, when 
mudi is heard of agricultural depression, it is not always 
realised that the breeding of domestic animals is one of the 
staple industries of the country. The prominent position which 
British horses, British sheep, and British cattle still hold in the 
livestock markets of the world is, periiaps, the most hopeful 
indication for the future of British agriculture. It is a sufficiently 
remarkable fact that, excepting for the Holstein cattle^ the Per- 
cheron horses, and the Merino sheep, all the prominent breeds 
of livestock throughout the world have their foundation in 
animals of British ancestry. 

Even the Percheron horses are not the equals of the English 
Shires for stamina and power. Nearly every good horse on the 
Continent and in America is derived from British stock. The 
famous American trotters are descended from English hackneys. 
At the international conference of sheep-breeders which 
recently met Tpswich, great stress was laid upon the high 
favour in which British sheep are always held by the great 
cosmopolitan buyers. The livestock export from Great Britain 
goes on increasing year by year, and last year was phenomenal, 
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reachii^ a grand total value of a million and tbree-quarter 
pounds. 

And yet, despite its comparative prosperity, it is very evident 
that the breeding industry suffers annually from no inappreciable 
loss. The prevalent sterility among the better class of Shire 
mares has already been alluded to, while incapacity to breed is 
perhaps still commoner among Thoroughbreds, for the Royal 
Commission on Horse-Breeding showed that no less than 40 
per cent, of the country's thoroughbred mares fail to have foals 
each year. Among cattle the annual loss from sterility has been 
estimated at 15 per cent., while it is sho\^Ti in the report 
of the Ro^^al Agricultural Society on fertility in English sheep 
for the year 1899 that the proportion of ewes which failed to 
breed was over 6h per cent. In view of the facts of 
which these are only examples, it is sufficiently obvious, as 
Mr. Heape has pointed out, that any means by which sterility 
can he reduced and the capacity to bear young increased must 
be pusi,eb:3ed of great commercial value. And this result can 
only be attaiend by continuous scientific investigation and the 
introdu tion of scientific method into all the problems of 
practical breeding. 

Mr. Heape, in his work on 7710 Breeding 7ndustry : Its 
Value to the Country and its Needs, has shown from statistical 
evidence that the amount of money invested in livestock in this 
country must be computed at scarcely less than i;45o,ooo,ooo. 
Addii^f to this the capital spent on buildings, land, vehicles, and 
various accessoriesj'the total becomes still more gigantic And 
yet what Mr. Bateson said at the Cambridge meeting of the 
British Association three years ago is still almost true: 
* Breeding is the greatest industiy to which science has never 
yet been applied." It cannot be doubted that the introduction 
of rigorous scientific method into the breeder^s industry will be 
attended by immense advantage, just as it has proved invaluable 
to other industries. 
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WORK UNDER PRESSURE AND IN 

GREAT HEAT' 

By J. S. HALDANE, M.D« F.1L& 

The development in all directions of engineering and manu- 
facturing work is constantly bringing man into new and un- 
accustomed relations with his environment. In consequence of 
this, his working efficiency may be reduced very greatly, and his 
health, or life itself, may be endangered. The question of how* 
to carry on w'ork safely and efficiently uiider an uiiwunted 
environment is thus one which occurs in many ioniis to those 
who are engaged in our branch of science. In the present 
address I wish to glance shortly at several problems, of industrial 
hygiene, present^ by work breath water or beneath the 
ground, and at some recent attempts at their investigation and 
practical solution. 

I shall refer first to work in deep water under the sea. In 
consequence of the difficulties and dangers connected with the 
work of divers on the sea-bottom, the British Admiralty two 
years ago appointed a Committee to investigate the subject, 
with myself as the physiological member. The experiments 
carried out by this Committee, and at the Lister Institute, 
London, in close connection with it, are now completed ; and I 
propose to give some account of the results, which, like many 
other British investigations on questions of hygiene, are hidden 
under the somewhat forbidding form of an official blue*book.' 

Let me remind you that the ordinary diving dress consists of 
a copper helmet screwed to a corselet, the latter being in its turn 
connected water-tight to a stout waterproof dress covering every 
part of the body except the hands, which project through clastic 
cuffs. Air is supplied through a non-return valve on the helmet 
from a flexible pipe connected with an air-pump on a boat or 

' An address delivered at the General Meeting of the Intematkmal Congxess 

of Hygiene, Berlin, September 26th, 1907. 

* Report to tlu Admiralty on the Co/tditiom of Deep Divings 1907. 
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ship : the air escapes through an adjustable spring valve at the 

side of the helmet. The arrangement is thus such that the 
pressure of the helmet air breathed by the diver is always equal 
. to, or slightly greater than, the pressure of the water at the 
valve outlet. At a depth of 10 metres (33 ft.) the diver is there- 
fore breathing air at an excess pressure of i atmosphere^ 
or nt an absolute pressure of 2 atmospheres ; and every 
additional 10 metres will add another atmosphere to the 
pressure. 

Pro\"ided that about 50 to 100 litres of air per minute are 
supplied to the diver, and that the outlet valve of his helmet is 
properU^ adjusLcd, he can work quite conilortably at depths 
up to about 20 metres. Beyond this depth, however, he usually 
feels increasing discomfort and difficulty in working ; so that 
at 40 or 50 metres work becomes extremely difficult. This 
difficulty has iiitherto been ascribed to the pressure : its real 
cause was unv of the first points which we investigated. We 
found that the discomfort of the diver was associated with 
laboured or dyspnceic breathing ; and this fact, in connection 
with the resuhs of recent experiments on the normal regula- 
tion of breathing, suggested the true explanation. 

In a paper published two years ago by Mr. Priestley and 
myself,' it was shown that under normal conditions the breath- 
ing is always regulated in such a way as to keep the partial 
pressure of the carbon dioxide in the air of the lung alveoli 
almost exactly constant This fact was established by analysing 
samples of air from the lung alveoli in man. To obtain a 
sample all that is necessary is to make a sudden deep expira- 
tion (during perfectly natural breathing) through a long piece 
of tubing of wide bore, and at once withdraw into a gas- 
analysis apparatus a portion of the air left in this tube at the 
end of expiration. The deep expiration washes .out all the 
more or less pure air contained in the air-passages and tube 
before the deep expiration, and leaves the tube full of pure 
alveolar air. This pure alveolar air contains for cnrh indi- 
vidual an almost nstoundingly constant percentage of CO2 if 
the barometric pressure is constant. If the barometric pressure 
varies, the percentage of CO. varies inversely as the barometric 
pressure, so that the partial pressure of CO^i remains constant. 
For instance, we found in ourselves that the mean percentage 
' Journal of Physiologyt voL xxxii. p. 225, 190^. 
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of CO in our alveolar air was 6'oi at normal pressure, and 
3 53 in compressed air at 17 atmospheres absolute pressure. 
The corresponding partial pressure of COa in the alveolar air 
was 5-68 per cent, of an atmosphere, or 43 mm. of mercury, 
during respiration at normal pressure, and exactly the same 
in the compressed air. Thus the respiratory centre normally 
responds only to variations in the partial pressure of COj in the 
blood which irrigates it. To variations in the partial pressure of 
oxygen it is within very wide limits ab:3olutely indifferent. 
Only when the partial pressure of oxygen in the air inspired 
falls below about two-thirds of the normal does the ieipiraiory 
centre begin to respond to v^ant of oxygen. Quite recent experi- 
ments by Hill and Greenwood at high pressures in air, and by 
Boycott and myself at low pressures in a mixture of oxygen and 
air, have shown that at an absolute pressure of 6 atmospheres 
the alveolar CO. percentage was 0*9, and at 0'4 atmospheres 
it was 15 ; while at normal pressure it was about 5'$ with the 
■same individuals. The partial pressure of COf (f>. the per* 
centage in the moist alveolar air multiplied by the barometric 
pressure) remained, however, quite constant 

If COs is present in the air inspired, the effect is to make the 
breathing deeper, and finally also more frequent ; unless, how- 
•ever, the pressure of COt in the inspired air begins to approach 
the normal alveolar COt pressure, there is very little change in 
the alveolar COt pressure, compensation being produced very 
•easily. 

How, now, does this apply to the case of the diver? On 
account of the work involved in pumping, a diver has to content 

himself with a minimum supply of air. Let us suppose that 
when he is just under water he has sufficient air to prevent the 
CO, percentage in the helmet air from rising beyond 3 while 
he is at work. This will keep him fairly comfortable. If he 
now goes down 10 metres, the air supply being the same, the 
percentage of CO2 in the helmet air will also remain the '=^nme. 
As, however, the pressure is now 2 atmospheres, ins nurrnai 
alveolar COt percentage will be 2 8 instead of 5 6. It will, 
however, be quite impossible for him to maintain this percentage 
of CO2 in his alveoli, since during work the percentage in the 
inspired air itself is 3. He will thus suffer from severe dyspncea. 
A very little consideration will show thai ihe diver must have 
twice as much air at 10 metres if he is to be as comfortable as he 
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WBS at surface; and at whatever depth he may be his minimum 
air supply must be increased in proportion to the increase in 
the absolute air pressure. In other words, the minimum vokimi 
of air supplied to him, measured at the pressure he is under, 
must ahroys remain the same. 

To cut a long story short, we found that as soon as this 
condition was realised, as proved by numerous analyses of air 
from the helmet, the discomfort and loss of working power 
in deep water disappeared. Lieutenant Damant and Gunner 
Catto, the two officers who carried out most of the experiments 
in deep water, and who reached the greatest depth hitherto 
definitely recorded, were as free from respiratory distress at 
64 metres (21c ft ) ns at i metre. They could also reach this 
depth easily within two minutes, which showed the extra- 
ordinary fallacy in the time-honoured tradition that a diver 
should always descend slowl}^ so as to accustom himself by 
degrees to the change of pressure. 

By guarding against excessive increase of COa pressure in 
the air breathed by a diver, we not only increase greatly his 
working efficiency and comfort, but also obviate a serious 
danger. It not infrequently happens that a diver, parlicularly if 
be is somcwLaL unskilled, becomes unconscious or stupefied by 
the effects of CO.. The consequences of thio may easily be 
fatal, as it is very dangerous to draw a man up rapidly from 
a great depth if he has been down for any time ; and also 
dangerous to leave an unconscious man on the bottom. 

hi connection with the effects of CO| in a divei^s helmet, I 
should like to say something as to the presence of COi and 
other impurities in the air of mines. It is well known that 
an excess of COt and corresponding deficient of ojyfs/sa Is 
commonly met with in the air of mines, and that certain kinds 
of mining work are very unhealthy— -particularly the mining of 
some of the more valuable metals, such as gold, tin, silver, 
copper, and lead. On account of the high death-rate and laige 
amount of illness among the tin-miners of Cornwall in England, 
i was asked in 1902 by the British Government to investigate the 
ventilation of the mines there. It was known from the results 
of an earlier inquiry,^ confirmed by my own analyses, that it is 
easy enough to find many working places in these mines where 
the proportion of CO* rises to as much as 50 volumes per 
* Ji0^ €fikt Ripi C mmiuim m MM^tmu Mimt^ 1864. 
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10,000 of air» or higher ; and much stress had been kid on the 
gaseous impurities of the air as explaining the ill-health of the 
miners. The physiological data already mentioned prove^ 
however, that although an actual rise of | or i per cent, in the 
alveolar COs pressure would have most violent physiological 
effects, no such rise actually occurs when air containing ^ or 
I per cent, of COi is breathed. The only effect is that the 
brca tiling becomes very slightly deeper, Uie difference being 
subjectively quite inappreciable. Less than i per cent, of COn 
or 100 volumes per io,ooo, is therefore of no importance in air 
at ordinary pressure, provided no other harmful inpurity is 
present. Except in exceptional cases — for instance, just after 
blasting — there was no evidoTice^ of any other harmful gaseous 
impurity in the mine air ; and by far the greater part of the 
COg was found to arise from the slow oxidation of mineral 
matter such as iron pyrites (FeS^), with consequent liberation of 
CO2 from carbonates by the sulphuric acid formed. 

What, then, was the cause of the ill-health of the Cornish 
miners? Further examination* into the facts disclosed two 
causes. The ifirst was that certain of the mines were badly 
infected with ankylostomiasis, which, as has so often been the 
case during the last iiundred years, liad uot been recugiiised, and 
which was soon brought under control by suitable measures. 
The second, and by far the more serious, cause was the fact 
that dust raised locally by drilling and blasting granite, quartz, 
and other hard stone was being inhaled by the miners and 
causing injury to theur lungs which produced a marked 
predisposition to tubercular phthisis. The increased death- 
rate among the miners was due entirely to lung disease, 
chiefly tubercular phthisis. During middle life, for instance 
(age thirty-^ve to forty-five), the death-rate from lung disease 
was 33 per 1,000 among Cornish miners, as compared 
with 3*4 per 1,000 among coal and iron miners ; and from all 
other causes 5*8 per 1,000 among Cornish miners, and 6 5 per 
1,000 among coal and iron miners. An investigation of the 
working history of each man who had died in one of the mining 
districts during a period of three years revealed the fact that the 
extra deaths— at any rate during middle life— were confined 
almost entirely to men who had been engaged either locally or 

> Hfpor/ on an Outbreak of Ankylostomiasis in Ctmitk Miims waAR^trt^t 
ik§ Hsaltk oj Comisk Miiurs, Paiiiainentacy PapeiB, 1903 and 1904. 
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abroad in the dustiest work— namely, the management of 
machine drills worked by compressed air. By the use of water 
jets or other means, which I need not specify in detail, the 
inhalation of stone-dust from these drilK and from blasting 
can be entirely prevented; and legislation rendering effective 
means compulsory was carried through at once with the full 
support of the management of the mines. 

The accompanying tables show some of the Cornish 
statistics : 

TABLS I 



Annual Deaths per 1,000 livin,^ at each age 
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It is a remarkahle foot that while the inhalation of dust fr<»tt 
hard stone is extremely dangerous when habitually inhaled, the 

1 Of these, 133 were returned as phthisis. 
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dust from coal, or soft stone, and many otber materials, has 
no such effect, lat least in moderate quantities. An average 
English coal-miner inhales very large amounts of coal-dust; 
but coal-mining is one of the healthiest of all occupations, in 
spite of absence of light, exposure to extremes of temperature, 
and the mhalation of air which is, chemically speaking, &r 
from pure. It just happens that the ordinary impurities- 
moderate excess of CO^, CH4, dust from coal and shale, and 
deficiency of oxygen — matter comparative!}' little from the 
health point of view, whereas dust from hard stone matters a 
great deal. 

1 must now return to deep diving. The most formidable 
danger presented by this occupation occurs only on the ascent 
of a diver to surface. It has been known for long that divers 
and other workers in compressed air are subject on their return 
to surface to a variety of serious symptoms — in mild cases nnly 
pains in the limbs or elsewhere (usually know^n among Ln^lisli 
workers in compressed air as " bends ; ui more serious cases 
paralysis, either temporary or permanent, particularly of the 
legs and bladder ; or, finally, symptoms of asphyxia, which may 
prove rapidly fatal. The classical experiments of Paul Bert^ 
proved, thirty years ago, that all these symptoms are due 
to liberation of gas-bubbles in the blood or elsewhere within 
the body; and considerable further light has been thrown 
on this subject by more recent work, including particularly 
that of Catsaras, von SchrOtter,' and HilL It was on the 
prevention, rather than on the pathology, of these symptoms, 
known collectively as caisson disease, that the Admiralty 
Committee concentrated its attention. The blood and body 
tissues become saturated with gaseous nitrogen in accordance 
with Dalton's Law during exposure to compressed air. On 
rapid decompression this gas liberates itself in the blood as 
bubbles, which cause local or general blocking of the circulation, 
with corresponding symptoms. Paul Bert showed on animals 
that in order to avoid this condition decompression must be 
slow; but the question, How slow? had not been satisfactorily 
answered in the case, at least, of man. The nearest attempt at 

* La PrtssUm Baromitrique^ 1878. 

■ Heller, Magcr, and VOD Sdirotter, Die LMftdruckerhrankungen^ Vienna, 1900 ; 
von Schroiter, Der Saurerstoff in tier JPr«lPi^UueU Uttd Tkmipu dtr Lt^dmektr' 
ignsmJlMf^M^ 2nd ed, Berlin, 1906. 
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an answer was that of von Schr5ttcr and his colleagues, based 
in part on theoretical considerations suggested by Zuntz, and 
evidently to a large extent correct. In many points, however, 
it seemed to us that iron SchrOtter's conclusions were open 
to criticism. Fkw:tica] experience, for instance, seemed to show 
that it takes hr longer than he believed for the human body 
to become saturated with nitrogen in compressed air, and a 
correspondingly longer time to become desaturated. Similar 
criticisms applied to the conclusions of HiU and his colleagues 
on this subject' 

It was evidently necessary to make further experiments, 
and these were rendered possible in England by the gift to 
the Lister Institute by Dr. Lodwig Mond, F.R.S., of a large 
experimental steel chamber capable of comfortably taking a 
number of animals or several men. In this the experiments 
were carried out by Dr. A. E. Boycott, of the Lister Institute, 
Fellow of Brasenose College, Oxford, and Lieutenant Damant, 
the naval officer who, as already mentioned, was also engaged 
in experiments on himself and others in deep water at sea. 
For the experiments on animal^ t^^oats were selected, as we 
were convinced from the outset that smnll animals, in conse- 
quence of their rapid circulation, were useless for our purpose. 
Indeed, very small animals showed no symptoms whatsoever 
after ex])> ' ures from which rapid decompression killed goats 
with ceriauity, and a fortiori would have killed men. With 
long exposures to high pressures the risks to be guarded 
ae:ainst on decompression are undoubtedly still greater in men 
liKin m goats. 

Several hundred decompressions of goats, men, and other 
animals have been carried out during 1906 and 1907 by BoyccHt 
and Damant In the time available I cannot, however, give 
more than an outline of some of the results. 

In the first place it was found that, with equal conditions 
as r^;ards decompression, the symptoms observed in goats 
increased in danger and severity as the duration of exposure 
increased up to at least two hours or periuips somewhat 
more. This is illustrated in Table III., showing some of the 
results: 

' Journal <if Hy'i^icne, vol. iii. p. 436, 1903 ; Proceedings of the Royal SocUfyt 
vol. ixx. p. 455, 1903 i vol. Ixxvii. p. 442, 1906 ; vol. Ixxix. p. 21, 1907. 
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TABLE III 
Abs^te Ftessure 4 Atmospheres 
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DeooapreMion 
la MmatM. 


JNimber of 
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** Bends." 
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0 


30 


I 


«5 
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te 


I 


14 


4 


0 


lao 


I 


10 


a 


4 


60 


10 (uniform) 




5 


I 


120 


10 „ 


II 


4 


I 


240 




II 


4 


I 


480 


10 „ 


II 


3 


% 



Allowing, therefore, for the difference between goats and men 
in liie respiratory exchange |)cr unit of bod}- weight, and con- 
sequent rate of circulation, it would lake about four hours for 
a man's body to become for practical purposes saturated with 
nitrogen in compressed air. This conclusion harmonises with 
the experience of workers in compressed Parts in which the 
circulation is rapid are certainly saturated in a small fraction of 
this time, as indeed has been shown experimentally by Hill by 
determining the amount of free nitrogen in urine secret^ during 
rapid diuresis.^ We think, however, that von SchrOtter, who 
calculated that saturation Is nearly reached in man within about 
twenty minutes, has at any rate made a great pracHcai under* 
estimate, both of the time needed for saturation and that needed 
for desaturation. In making his calculation, he has treated 
the body as if the circulation through all parts were the same, 
whereas it differs very greatly in different parts. From the 
point of view of caisson disease, the quickly saturating parts 
cause little danger (except with almost instantaneous decom* 
pression from very high pressure), as is shown both by the 
practical experience of men working in compressed air, and by 
the fact that it is extremely difficult to produce any symptoms 
in small animals with a rapid circulation rate. It is thus the 
slowly saturating parts of the body wiuch are of most practical 
importance. Another source of error is that, as was shown by 
Dr. Vernon,' of Oxford, in connection with our experiments, fat 

' P ocee<Ht^ ^ the Reytd SoeUty^ vol Ixjdx. p. 366^ i907> 
* IbUL 
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takes up about six times as much free nitrogen as does blood. 
The body fat thus forms a very large dep6t of nitrogen, which 
greatly increases the time needed for saturation. On sudden 
decompression of an animal saturated with compressed air the 
£eU becomes blown out with small gas-bubbles. 

We are in complete agreement with von SchrOtter and Zuntz 
as to the general form which the saturation curve of any part of 
the body must of necessity take, assuming the rate of circulation 
to remain constant (see fig. i). For instance, a part which 
takes one hour to become half-saturated will take two hours 
to become three-fourths saturated, and three hours to become 
seven-eighths saturated. During desaturation on decompres- 

iOOi 1 r— I 1 1 , 1 1 1 1 1 1 




o w to M 40 M to 70 eo to 100 no IftO 
TtaMtearfBalM. 

Fio* iw OuiTo ihwwing oppiwiiiMtlo nte of iMnntioii of porlt of dio bo^ 
mui 00 vmifi XMB oi ffiniiiiiim mm pcraeDnigo oi iki 

sion, if no bubbles have formed to disturb the process, the 
desaturation curve will be exactly the same. 

I now come to another point, as to which we have been led to 
new and important conclusions. Practical experience of work 
in compressed air shows that even with very rapid decompres- 
sion no symptoms of caisson disease ever occur with an absolute 
pressure of less than 2 atmospheres, and that symptoms are 
very rare and slight until the pressure rises beyond 2*3 atmo- 
spheres, or 19 lb. per square inch. This we found to be true 
also for goats. Now if it is possible to decompress rapidly and 
with safety from 2 atmospheres, or a little more, to i atmosphere, 
it seemed likely that it would be possible to decompress with 
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equal safety from 4 atmospheres to 2, or from 6 to 3> since the 
▼olume of gas tending to be liberated would be the same in each 
case. Experiment showed that this was the case^ and that the 
danger of rapid decompression depends, not on the absolute 
difference between the initial and final pressure, but on the 
proportion between the two pressures. If this proportion is 
only 2 or 2*3 to i, the decompression is safe ; if, on the other 
hand, the proportion is 3 or 4 to i, the decompression is dan- 
gerous. This is illustrated by the experiments in Tattle iV. 



TABLE IV 



Absolute 
Pressure 
in AtmO" 
■pbtres. 


Exposure 
in 

Minutes. 


Kali of 
I 'ressure 
in Atmo- 
spheres. 


Reduction 
Of 

Pressure. 


Duralion 
of Decom- 
pi -i! .n in 

Minutes. 


Number 
GMIS. 
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-Piiflli- 






6 


180 


3*4 


3*3 to t 




to 
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0 


4"4 


tao 
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4*4 „ I 
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10 


3 


3 


2 


4 


120 


3*4 




6 


3 


r 


I 


I 


3-6 


120 


30 


6 „ I 


6 


4 


0 


3 


0 


4 


190 


3^ 


4 » I 


I 


10 


3 


4 


0 



It will be seen that a rapid drop from 6 to 2-6 atmospheres 
produced no symptoms at all, the fall of pressure being 3-4 
atmospheres, and the relation of the higher to the lower pres- 
sure b&ng 2'$ to I. With the same animals decompression from 
4*4 atmospheres to 1 produced disastrous e&cts, the fall of 
pressure being exactly the same as before, but the relation 
of the higher to the lower pressure being now 4*4 to i. 

The method hitherto recoomiended for bringing men safely 
out of compressed air has been to decompress at a slow and 
onifonn rate. But calculation on the principle already referred 
to shows that however slow this uniform decompression may be, 
the difference in partial pressure between the nitrogen dissolved 
in the tissues and the external air pressure will c^o on increasing 
during the decompression. Still more will the proportional 
difference between the two pressures increase. At the end of 
the decompression, therefore, the danger, if any, will be at a 
maximum ; whereas during the first half, or more, of decom- 
pression time is simply being wasted, or much worse than 
wasted, if saturation of the body was incomplete, as is nearly 
always the case in diving. All our experiments confirmed this 
theoretical deduction. 
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These considerations led us to introduce a new method — 
that of decompression in graduated stages. The principle of 
this method is that the diver or worker in compressed air is 
brought rapidly to half the absolute pressure (or a little further 
if his tissues are not saturated), stopped there for a time» then 
decompressed a little further after si^cient time has elapsed to 
allow the maximum nitrogen pressure in his tissues to become 
not more than twice the nitrogen pressure of the air at the lower 
stage. He is then brought on by further stages on the same 
principle until he reaches atmospheric pressure. For the 
difference between the stages a pressure of 0 3 atmosphere 
was selected, corresponding to 10 ft. (or 3 metres) of sea water. 
The diver's progress is, of course, controlled by spinal ftiom 
surface, according to the indications of the pressure-gauge on 
the pump. The proper stoppages, after stays at different 
deptlis and for different periods of time, h;ive been carefully 
calculated and put into the form of a table, which is now in 
use in the British Navy. A portion of this table is shown 
in Table V. 

TABLE V 

ForHoM ^ JHoing TM/or British Nomy 



18-20 



MakiM. 



Toul 
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in 
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to beginning of 
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u 




6 

Metres. 


Metres. 


Up to 15 min. 
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15-25 « 
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5 
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23 


25-35' » 
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10 


15 


33 


35-<o „ 


5 


10 


15 


as 


57 


60-120 „ 


ro 


20 


30 


35 


97 


Over ISO „ 


30 


35 


35 


40 1 


143 



For ordinary diving work the table limits the stay on the 
bottom in such a way that the diver can come up safely within 

half an hour. This is desirable for many reasons : after pro- 
longed stays on the bottom at great depths the time required 
for safe decompre?^:on, even by the stage method, is far too 
long; and with uniform decompression many hours would 
certainly be needed at the greatest depths. 

1 Ofdinaiy limit of tune. 
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The method of stage decompression was veiy thoroughly 
tested on goats, and compared with the old method of uniform 
decompression. The result was to show, we think, beyond all 
question that the stage decompression method is greatly superior, 
particularly for diving work. Even when the rate of decom- 
pression was much too £ast by either method, stage decompression 
proved considerably safer. The accompanying table (Table VL) 
shows a number of results obtained with the same animals and 
under the same conditions, except that the method of decom- 
pression was varied. It should be remarked that in each 
series, excepting C, the rate of stage decompression was less 
slow than what was calculated to be required for goats in order to 
prevent all symptoms, and considerably so in series B, D, and E. 
The occurrence of a few slight symptoms was therefore expected. 
It will be seen, however, that deaths and severe s^'mptoms were 
entirely eliminated by the stage decompression, whereas a 
number of cases occurred with uniform decompression in the 
same time, besides a much greater number of slight cases. 

TABLE V£ 



AbioiuU Pressure 6 Atmospheres 





Exposure 
MlmtM. 


Decom* 
pniMkmlii 
mSSm. 


Ntiaibor 
Goal*. 


Stage 
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"&«tMl&" 


Severe 
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A 
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C 
D 
£ 
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9» 
133 
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6 
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0 
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000000 
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4 
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3 

I 

0 
3 

5 
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« 0 0 0 - 0 


Total 






97 


t6 


t» 


0 


39 




3 



With goats we found it necessary to provide for parts of 
the body taking as much as forty-five minutes to become half- 
saturated or half-desaturated with a given alteration of pressure. 
For man we therefore considered it necessary to provide for 
parts requiring seventy-five minutes, as the respiratory exchange 
per unit of body weight in man is three-fifths that of goats. 

* Paralyns of Ibot lasting i hotir. 

' 3 cases <rf panj^egia, 4 of tenqNMary pmlysi^ 2 of dytpnoea, and a of 
tmdcfiiied iUnew. 
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A number of experiments in the steel chamber at pressures 
up to 6^ atmospheres were carried out on men, with stage decom- 
pression ; and many dives in the sea to pressures of from 4 to 




FlOw Xz—Dtnag to fathoms hy old method. The Undc line represents the air-prenure, 
Hw ewes, from above downwards, represent respectively the wtatioos in ■atttnUioQ 
of pert* which half satoxate in 5, lo, 20, 40^ and 75 minutes. 

7i atmospheres have also been made by Lieutenant D^mant 
and others, with the time-limits and stage decompression recom- 
mended in the new diving tables. No symptom of caisson 
disease has, however, been observed, so tliat the new method 




Time in minutes. 

Fio. 3.— Diving to 23 fathoms by new method. The curves, from above downward, represent 
mpeedve^ the wiiliou te Mlimlioa fif put* of the bodf iHndi half 
20, 40, atid 75 minutes. The thick line rcpresOBli the •ir'praiaR* Diver 14 BlIllBtoa 
on the bottom and 46 minntes under water. 

appears to be practically successful The old method was to 
go down and come up slowly at a rate of about s ft., or 
metres per minute. The accompanying diagrams show the 
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calculated degret iA saturation of different parts of the body 
during a dive to 6 atmospheres pressure for fourteen minutes 
with the old and the new method. It will be seen at once 
that the slow descent adds greatly to the danger, while during 
most of the uniform ascent many parts of the body are actually 
increasing in saturation; so that by the old method a diver 
runs a very serious risk of death or paralysis when he reaches 
surface. By the new method this risk is avoided, and the total 
time under water is reduced to nearly half. To obtain equally 
safe results by the method of uniform decompression it would, 
to judge from the experiments on goats, be necessary to 
extend the duration of decompression to several hours, the 
reason being that, in the case of short exposures to high pres- 
sure, not only is time wasted during the first half, or two-thirds, 
of the uniform decompression, but the saturation of most parts 
of the body continues to increase very seriously, so that at the 
end the decompression rate is far too iast unless the process 
is made very slow indeed. 

After long exposures to compressed air, as in work in 
caissons and tunnels at moderate pressures, the saving in time 
by stage decompression is not so striking ; but very substantial 
gains in convenience become possible. Time, however, f ji bids 
me from entering further into this subject, and 1 mubL now 
return to work in mines. 

One of the most formidable difficulties met with in the deep 
mining which is now becoming so common is the great heat 
which is encountered. It is well known that the deeper we 
penetrate the earth's crust the higher is the natural temperature 
of the rock. The rate of increase is usually about 2*5"* C. per 
too metres. At some places it is more than this: at others 
less. At Johannesburg^ for instance, the increase is only 0*9^ 
per 100 metres, while in Cornwall it is 5^ At a depth of 
1,000 metres, which is now becoming common, the natural 
rock temperature is usually about equal to the body tempera- 
ture. The air temperature in a mine may be either above or 
below the natural rock temperature. Fresh air direct from 
surface, or the evaporatioD of moisture, may cause a local 
reduction in mine temperature. On the other hand the slow 
oxidation of mineral substances, such as iron pyrites (FeS^X 
very commonly causes the mine temperature to rise consider- 
ably above the original rock temperature. Miners are thus 
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much exposed to excessive heat, and the influence of this on 
their working powers and health is a matter of great practical 
importance. 

In some of the mines of Cornwall the heat is probably as 
trying as in any place where men have to live and work ; and 
my observations there led me to make experiments on a man's 
power of remaining in and working in warm air. It is of 
course well known that men can remain for a short time in 
extremely hot air, if it is dry. A temperature of 100" C in a 
Turkish bath, or even a much higher temperature, can easily 
be borne for a few minutes ; but there is surprisingly little 
information as to what temperature a man can continue to 
withstand for hours at a time during his ordinary occupation. 
My observations were made on several persons, partly in 
mines and partly in artificially heated rooms.^ 

One main result was that in still air, during rest, and with 
the subject of the experiment stripped to the waist, the maximum 
temperature which could be borne for several hours without 
marked pathological symptoms was 31" to 32" C. (88'' to 90° F.) 
by the tvet-btdb thermometer. Neither the actual temperature 
by the dry-bulb thermometer, nor the degree ol humidity, nor 
the percentage of moisture in the air, mattered by itself. The 
determining factor was simply the wet-bulb temperature. If 
this exceeded 31** to 32° (the actual critical point seemed to vary 
slightly in different individuals), the body temperature began to 
rise steadily. The accompanying diagram shows the results of 
several experiments made on myself. 

It was somewhat remarkable that when the air temperature 
was just above the critical point, the rise of body temperature 
did not slacken or cease as the difference between body tempera- 
ture and wet-bulb air temperature began to increase. Actually 
the rate of rise of body temperature seemed to increase rather 
than diminish. The reason for this is the fact, clearly proved 
in some quite recent experiments by Dr. Sutton, of Oxford 
University, that the respiratory exchange, and consequently the 
heat production in the body, rises very markedly with even a 
slight increase in the rectal temperature. Hence the heat-loss 
cannot catch up the heat-production, and the body is in a 
*' vicious circle." 

* DttsOe of pMt of ditto dperimeiktt wiUbelraDd In die Jmrmltflfygitm, 
voLT.p.494» 
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A rise of 2* C over the normal day body temperature was 

sufficient to produce much discomfort-^ rapid pulse rate, and 
marked dyspnoea on exertion. A greater rise than this produced 
alarming symptoms when any considerable exertion was made» 
as in climbing ladders underground. 

In a good air current the critical wet-bulb temperature was 
found to be about 2° C. higher. During work, on the other hand, 
the critical wct-bulb temperature was considerably lower — about 
26" to 2f with fairly hard work in still air. 

That the wet-bulb temperatures should be the determining 
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FlO. 4.— VadatioiiB of rectal temperature during rest, stripped to the miit, at 

various air-temperatures. 



factor is exactly what might have been predicted on physical 
grounds ; and as the body, unlike the wet-bulb of a thermometer, 
is itself a source of heat, it is equally intelligible that moving air 
raises the critical wet-bulb temperature, and increased heat*pro- 
duction in the body lowers it. 

A further point brought out strikingly in some of the experi- 
ments was that the sweating produced by heat depends primarily 
on the skin temperature, and not on the internal temperature 
of the body. There is quite commonly a fall in the rectal 
temperature at the time when most profuse sweating breaks out 
on going into warm air. On the other hand, sweating does not 
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occur in hot air until the skin temperature reaches a certain 
point If the skin is cold to begin with it may be half an 
hour or more before sweating breaks out in a very warm room, 
whereas there will be profuse sweating within a minute if the 
skin is warm to start with. 

I found that the Cornish miners were frequently employed 
in places where the wet-bulb temperaturr was from 30' to 38°. 
It might be supposed that, under such circumstances, cases of 
heat-apoplexy would be common ; but I never could hear of any 
such cases, nor did I find, even in the hottest places, that the 
men allowed their temperatures to rise more than very slightly. 
What they did was simpl}'^ to come out and rest in a cool place 
as soon as they felt that they were getting too hot. In fact, 
they seemed to be nearly always restine: in this way. At a 
wet-bulb temperature of about 27' the amount of work done by 
a miner begins to fall off, and as the wet-bulb temperature rises 
further the work done gradually diminishes to a vanishing point. 
It may be that a miner's health sometimes suffers from the heat ; 
but I could not find any clear evidence of this, and the men 
working in hot mines seem to be usually quite healthy. What 
unduubLediy suffers very heavily is the pocket of the mine- 
owner. 

On the other hand, mine-horses often die of heat-apoplexy ; 
and so &tal is the heat to horses that their employment is 
avoided in some of the hotter mines. They are liable to be 
worked too hard in a warm mine, just as soldiers are liable to 
be overmarched in hot weather; whereas the miners, who are 
perfectly free to follow the promptings of nature — ^for instance, 
to take off thdr clothes, stop working, or go into a cool place, 
or even into cool water, when they are too hot-^escape without 
harm. 

It seems clear that, for the economical working of a mine, 
the wet-bulb temperature should not in general be allowed to rise 
beyond aho it 27" — unless, perhaps, where there is a good air- 
current. To maintain this limit in the ordinary working places 
does not seem to be very difficult, provided the right measures 
are taken in laying out the ventilation. This matter will soon 
have to be studied much more closely by mining engineers than 
has been the case hitherto. 

I should like, in conclusion, to point a moral, if I may, 
in connection with the hygienic regulation of engineering and 
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manufacturing work. No one doubts that the health, efficiency, 
and comfort of our working population are matters of the utmost 
importance. But the desirability of properly investigating the 
hygienic conditions of various industries is scarcely yet recof^ 
nised as it ought to be. There is plenty of talk and a laige 
number of regulations; but real knowledge— the indispensable 
basis of effective action — \s too often lacking, and can be gained 
in no other way than by careful and detailed observation and 
experiment This can be illustrated from all branches of 
hygiene — for instance, by the immensely important knowledge 
patiently gained during the last few years as to the nature and 
means of spread of various infective diseases. 

I wish, however, to emphasise the same fact in connection 
with industrial hj'giene ; and perhaps the specific problems 
just discussed may enable me to do so. They concern the 
physical and chemical characters of the air in its relation to 
certain industrial employments. Insuliicient study has, in 
spite of the best intentions, led to many mistakes in connection 
with these employments. First, as regards work in compressed 
air, we find on the one hand that divers have been more or 
less licimpered or endangered by that bonicwhat rare condition, 
poisoning by carbon dioxide. But if vvc turn to men employed 
in compressed air in tunnels, etc, we also find the conditions — 
in England at lea8t<— reversed in a curmus way. It has become 
a common popular belief that, provided the carbon dioxide 
percentage is low enough, all must be well with any kind 
of air. For instance, in the case of the large tunnel at present 
being constructed in compressed air under the Thames at 
Rotherhithe, London, the County Council, regardless of the 
enormous expense, has prescribed that, in view of the danger 
of caisson disease, the proportion of COi shall not exceed that 
in the average air outside by more than 4 volumes pa* lo^ooa 
It is, of course, not conceivable that by increasing the air 
supply to such an extent caisson disease can be prevented 
The chief effect of the large air supply seems to be that the 
tunnel is very warm, as in consequeaoe of the large quantity 
of air it is not effectively cooled between the compressors and 
the tunnel. The large air supply is thus probably doing more 
harm than good ; and the absence of effertivc rci^iilations for 
preventinf?: caisson disease la}^ the County Council cprn to 
criticism in view of the long-existing knowledge of the subject 
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Again, the well-intentioned regulation hitherto in force 
in the British, German, and other navies, that a diver should 
always descend very slowly, has probably cost many a diver 
his life 

To turn to the mining industry, one finds that often no 
expense is spared, and burdensome regulations may be imposed 
by law, in the endeavour to cure by unsuitable means evils for 
which a little real investigation would have shown an effective 
cure. In the Cornish mines, for instance, more ventilation was 
being provided as a remedy for the evils caused actually 
by stone dust and ankylostomiasis. The increased ventilation 
was apparently only aggravating the evil by making the 
working places drier and more dusty, just as in coal mines 
increased ventilation has, by itself, often increased the danger 
of colliery explosions by makini^ the coal dust drier. Courricres 
Colliery, where 1,100 men were killed by a coaWust explosion 
last year, was probably one of the best-ventilated mines in 
Europe. 

As regards heat ami moisture in the air, we have in England 
the curious anomaly m our Factory Act that the wet-bulb 
temperature in cotton laelorics, where women are employed 
all day, is expressly permitted by law to rise to even 37^, 
provided that the proportion of COt does not exceed 9 volumes 
per 10,000! I do not for a moment mean to imply that any 
manufacturer would permit such a state of matters to exist 
in his &ctory, or that the workers would stay for an hour in 
such an impossible atmosphere; but the eattemely welUmeant 
English regulations as to temperature and humidity in the 
air of fiactories furnish one instance out of many, illustrating 
the need for more knowledge and investigation. 

Such knowledge must be gained to a large extent on the 
spot, and not merely in a laboratory. Men who are tied to 
their work in a laboratory are often called upon to express 
opinions about matters of industrial hygiene without having 
any adequate opportunity of personally investigating the actual 
conditions. It is almost ihvariably the case, however, that 
investigations on the spot are essential, and that discussion 
with engineers, managers, and workmen throws entirely new 
light on the subject-matter. For one thing, the engineers 
and mnnnc^fTs help us, beyond everything, to think of things 
quantitiveiy and in their relations to other things. This lesson 

26 
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is one which is often greatly needed in our branch of science. 
In spite of the inspiring examples of such men as Pettenrofer 
or Paul Bert or Parkes, we seem constantly in danger of 
forgetting it. We should progress hand in hand with the 
development of each industry, and be ever ready to help 
the engineer or manufacturer. It is only by doing this on 
the one hand, and by keeping in close and living touch with 
physiology and pathology on the other, that industrial hygiene 
can properly fulfil the very important duties which human 
progress has assigned to it. 
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THE GREAT SCANDINAVIAN 
OVERTHRUST 

By J. W. GREGORY, F.R S. 

Profrssor of Geaiogj^, Univeriity of Glaigvw 

SciOfDiNAViA and Scotland arc geologically nearly akin, and 
some of the difficult problems of Scottish geology may be 
solved by the Scandinavian evidence, which is often bolder 
and simpler. 

The two lands were originally both part of the old Con- 
tinent of Arcti? ; and the}^ both have a similar foundation of 
crystnlline schists and gneisses, which in Scandinavia are 
accepted as Archean. In both countries the older rocks are 
covered by wide sheets of pre-Cambrian sandstones — the 
Torridonian of Scotland and the Algonkian series of Scandi- 
navia. Both countries have fossiliferous Cambrian rocks along 
their north-western edge, with a wider development of Lower 
Palaeozoic, and even younger sediments to the south-east of 
the crystalline mass. That the schists of Scotland were once 
connected with those of ScandmaviLi is suggested l)y their 
frequent coincidence in strike, indicating lhat the structural 
grain of the countries was continuous across the North Sea. 
The geological connection has, however, often been geographic- 
ally broken, and the direct land bridge apparently existed last 
in Pliocene times. 

The student of crystalline schists in Scandinavia has the 
advantage over the Scotch geologist of the presence, in many 
localities, of fossiliferous Lower Palaeozoic rocks in close asso- 
ciation with the schists. In the Scottish Highlands, on the 
other hand, the fossiliferous rocks are restricted to a band 
along the north>westem edge, except for a couple of localities 
containing doubtful worm tubes. The structure of Scotland* 
in its turn, helps to elucidate that of Scandinavia ; for it 
was research on Scottish geology that explained the occui^ 
rence of fossiliferous sedimentary rocks beneath scries of 
crystalline schists and gneisses. Murchison attributed this 

599 



Digitized by Google 



400 



SCIENCE PROGRESS 




Digitized by Gopgle 



THE GREAT SCANDINAVIAN OVERTHRUST 401 

arrangement, in the case of the Scottish Highlands, to selective 
metamorphism having converted the upper beds mto schists, 
while leaving the lower beds unaltered. This view was also 
adopted in Scandinavia. It assumed, in accordance with the law 

of superposition, that the overlying beds must be the younger, 
and the chemical difficulties of selective metamorphism were 
left for subsequent explanation. That these difficulties were 
great was evident in Scandinavia from the observations made 
by Gumaelius in Offerdal during 1869. He then showed, in a 
section reproduced as fig. 2, the existence of a block of mica 
schist overlying phyllites or clay slates, with relations which 
selective metamorphism could hardly explain.* 

Murchibon's theory was overthrown in Scotland by the 
discovery that the crystalline schists had been thrust into 
positions where they appear to rest conformably on younger 



W. 
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Flo. a.— Seetioo in Oflndal hf Gnmartmi. 



beds. And the same explanation has been demonstrated in 
Scandinavia, although there it appeared at first almost incredible 
owing to the vast scale of the phenomena. 

The literature of the Scandinavian overthrust is somewhat 
scattered, and it is mostly written in Swedish or Norwegian. 
Hence a brief statement of some conclusions and reference to 
the original authorities may be of value to British geologists. 
It has recently been my privilege to examine one of the typical 
overthrust sections on the shores of LakeTometrftsk in Swedish 
Lapland. For directions and kind help in this visit, and for 
showing me the material bearing on this question in the 
museums at Stockholm and Upsala, I owe my warmest thanks 
to Prof. HOgbom of Upsala, Dr. Gunnar Anderson, Director of 
the Geological Survey of Sweden, and Dr. Holmquist, of the 
Technical High School of Stockholm. Nor must I omit mention 

* Tliis tectionwMnfcnpedtobf TanidMiimmi873,.ft«r.£M^^ Vimbrt,AJ Mmdt , 
No. 9, p. 42 ; but it apputntf; lemained in mantwcript until it wm pobUdied by 
Hiigboin in 1894. 
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of my indebtedness to the writings of Herr A. E. TOrnebohra, 
late Director of the Geological Survey of Sweden, to whose 
work the present interpretation of the complex mountain 
Structure of the High Fells of Scandinavia is so largely due. 

Scandinavia consists geologically of a foundation of Archean 
and pre-Cambrian rocks, which are exposed over nearly all 
Eastern and Southern Sweden ; they also form the fi mge of 
islands along the Atlantic coast and most of the rugged southern 
provinces of Norway between Christiania and Bergen. The 
second important constituent is a band of schists and gneisses, 
which forms the mountain axis of Scandinavia, parallel to the 
Atlantic coast. It was doubtless once part of an old fold- 
mountain chain, which has now been cut down into a dissected 
pene-plane, wherehi the existing ridges are independent of the 
heights formed by the original folds. The schists of this region 
are associated with thick masses of sandstone and conglomerate 
— ^the sparagmites and Dala Sandstone. Some of these rocks 
were once believed, as by Murchison, to be Old Red Sandstone; 
but they are now generally recognised as of pre-Cambrian age, 
and accepted as members of the Algonkian system. The schist 
belt also includes some fossiliferous rocks; and it has been 
held that the schists themselves are only Pal Lozoic sediments 
that have undergone thorough alteration. They were divided 
by TOmebohm in 1872 into two series, a lower or Seve Group, 
and an upper or Koli Group, and both were then regarded as 
Silurian or even post-Silurian.^ 

In addition to these rocks, which are doubtfully assigned to 
the Palaeozoic, there are some slight!}^ altered, sedimentary rocks, 
many of which are fossiliferous, so that their nge is known. 
These rocks include representatives of the four oldest Palaeozoic 
systems. Here and there from Lapland to south-western 
Scandinavia are areas of coarse sandstones, which are regarded 

probably Devonian. The Lower Palaeozoic rocks include 
members of the Silurian, Ordovician, and Cambrian ; and their 
classification is somewhat complex, as they are developed with 
two very different tacies — the eastern and the western. 

The eastern facies includes normal sedimentary rocks, of 
which the upper members are shown by their fossils to include 

* A. E. Tttmcbohm, " En geognostisk ptoffl ofver den skandinavirita 
fj^ryggen mellan Osterund och Levanger," O^er K. SvMS, Vei. AkatL 
1872 i also Svir. Geoi. Unders, AjhamU. Ser. C, No. 6. 
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representatives of the Silurian and Ordovician systems ; while 
beneath the fossiliferous rocks there are beds of alum shale and 
sandstone which, from their stratigrapbical position, are referred 
to the Cambrian. These eastern rocks are but little altered, and 
they occur in simple regular sequence, with abundant limestones 
and fossils. 

The Lower Palaeozoic rocks of the western facies are litho- 
logically strikingly unlike those assigned to the same age in 
districts farther to the east. The great bulk of the western 
rocks are schists; there are but few limestones, and fossils are 
found only in isolated deposits, which range in age from the 
Lower Cambrian to the Silurian. The striking lithological 
differences between the eastern and western rocks is explained 
as being partly due to more intense mcLamorphism in the w'estern 
area; but this explanation is not alone adequate, as the rocks 
when first deposited must have been essentially different in 
composition in the two areas. It is therefore iurther lexplamed 
that the " Silurian rocks of the western area are due in part to 
extensive eruptions of basic rocks, while sediments were quietly 
accumulating in the seas to the east 

The Lower Palaeozoic rocks of the western iacies are them* 
selves subdivided into the eastern and western sub-fades ; their 
relations are somewhat uncertain, and the settlement of this 
question will be watched with much interest by Scotch geologists, 
from its analogy to some doubtful points in the correlation of the 
schists of the Southern Highlands of Scotland. Both the eastern 
and western sut>facies consist of series of phyllites, clay slates, 
schists, and gneisses, of which the most highly crystalline rocks 
belong to the lower division of the eastern sub-&cies. 

The rocks vary in metamorphism along their strike ; though 
why the most highly metamorphosed areas are distributed as 
shown in TOrnebohm's map is not obvious. Thn- the Snl 
Schists extend from north-north-cast to south-south-west in 
a narrow band 2 miles wide and 80 miles long ; and it is marked 
as strongly metamorphosed for a length of about 22 miles ; 
whereas the adjacent parallel band of tb( Mcraker and Selbu 
Schists is strongly metamorphosed for 45 mili s farther to the 
south-south-west, in botii sub-tacies there are some fossiliferous 
beds: namely, the Hoilandcts group of Trinucleus Sandstone 
age (Ordovician) in the western series, about 25 miks south- 
south-west from Trondhjem ; and the Sul slates, containing 
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graptolites belonging to the lower part of the true SUurian, 
in the eastern series. These fossiliferous beds are held to 
support the view that the schists of the area are altered Lower 
Palaeozoic rocks. This, however, is the one conclusion in 
Scandinavian geology which foreign geologists may be most 
excused if they hesitate to accept, until further evidence has been 
published that the fossiliferous beds cannot be younger rocks 
folded or faulted in among older schists. The solution which 
Prof. Bonney gave of the same problem in the Lepontine Alps 
may be applicable to the schists of the Trondhjem district. 

The belief that these schists were all Silurian was, however, 
naturally adopted at first, because unaltered fossiliferous Lower 
Palaeozic rocks are found in places beneath wide sheets of schist 
and ^eiss. It therefore appeared necessary to accept the upper 
beds as the younger in age. But it has been proved that, as in 
Scotland and the Alps, the superposition of the schists is due to 
earth movements. And in Scandinavia the overthrusting has 
taken place on a scale greater than has been established in any 
other pari of the world. 

The development of these views may be seen from the 
successive explanations of the geology of Areskutan in Jemtland, 
one of the best known Swedish mountains (4,645 ft.). The lower 
eastern and western slopes of this mountain consist of the normal 
Lower Palaeozoic rocks of the eastern fades ; they include the 
Cambrian alum shales, above which are more shales, and the 
Pentamerus Limestone of the base of the true Silurian. The 
whole of the upper part of the mountain consists of crystalline 
schists of the Seve Group ; they include hornblende schist, mica 
schist, crystalline limestone, and gametiferous gneiss. The base 
of the crystalline schists is a quartzite or quartz-schist, which 
is hi places a conglomerate. " The contact between this quartzite 
and the Silurian day rocks I saw laid bare," says TOmebohm,' 
"in a small stream that descends fix»m the western side of 
Areskutan. The dip is here not more than 15"* or 2xf to the east, 
and the superposition is very clear. The boundary between 
both formations stands out very definitely, yet without any 
marked discordance. Over the quartzite, which is not very 
thick, follow first hornblende schists, which alternate with mica 
and quartzitic schists, and include some small layers, only a few 
inches thick, of white crystalline limestone; further up come 

' Tflmebohm, AflmU, Stnr. Geok Unders* No. 9^ 1875, p. 4>* 
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a somewhat thick quartzite schist, wherein occur the copper ores 
of Areskutan ; and then follow gneiss-like rocks (which some- 
times include hornblende and sometimes garnets as accessory 
constituents), and they, with ailct iiations of hornblende and mica 
schists, extend up to the summit of the mountain." 

The same sequence is exposed on the eastern side of the 
mountain, and Tomebohtn therefore naturally concluded that 
**the schists of the Seve Group, in spite of their crystalline 
structure and their primaeval aspect, are younger than the 
surrounding Silurian deposits, and that between them occurs 
a definite geological boundary which is sometimes marked by 
beds of conglomerate."' 

This conclusion is represented in a section across Areskutan 
which is reproduced as fig. 3. Ten years later TOmebohm recog- 
nised that the superposition could not be trusted, as the relations 

AwbillefllBiML MiAiaBdiUit. (StvsGipap.) 

f 8 quartzite. (Ounbrian.) a/» able with liiMMOBti. (Silarian.) 

FlO. 3.— Secdoa thraqgh Amkutan after Tomebohm, 1879, repfdoitiiig die Aie 

ichisU as poet-Silurian. 

of the Dala Sandstone (now recognised as Algonkian) had been 
in places inverted by overthrusting ; but he still accepted the 
view that the Seve Group, with the Vemdal quartzite which 
he regarded as its base, is later than the underlying Lower 
Palaeozoic rocks, and supported this conclusion by fresh evidence 
from the district of Herjedalen.' 

The demonstration by Prof. Lapworth and by Dr. Horn, 
Dr. Peach and their colleagues of the Scottish Geological Survey, 
that the superposition of schists over normal sediments in the 
norlh-west Highlands of Scotland was due to overthrustine^. 
encouraged TOrnebohm to believe that the same process was 
the cause of the perplexities of mountain structure in 

' Tomebohm, AfhnmU. Svcr. Geo!. Unders. No. 9, 1873, p. 42. 

' A. E. Tomebohm, " Om Vemdalsqvartsiten och ofriga qvaruitiska bildnmtfar 
i Sveriges sydliga Ijalltrakter," Geoi. For. Fork. vol. vl (1883), pp. 274-94. 
pi. sii. and xiii. 
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Scandinavia, in 1888 he redescribed the geology of Areskutan,^ 
and identified the schists and gneisses of the summit of the 
mountain as pre-Silurian rocks, pushed from the west over 
the lower but younger Paleozoic sediments. This view is 
represented in fig. 4 from Tomebohm's memoir of 1896. 

In 1 89 1 Tamebohm explained other cases of the apparent 
interstratification of slates and quartzites with gneisses as 
due to inversion by folding. Thus on the northern foot of 
the J5tun-Fjall in Norway, on the southern shores of Lake 
Vflge, the apparent sequence consists of the following beds, 
all of which are dippmg southwards: (5) upper gndss, (4) 
upper quartzite, (3) clay slate, (2) lower quartzite, (z) lower 
gneiss. Tomebohm explained this arrangement as due to an 
isoclinal, by which the quartzite and gneiss are repeated on 




S^Sflorlra. M Hanker Schirt*. 8diiii«a. 

Q = Qtiartiit*. r = ROroa ScbitU. T.P. » Thruat Plane. 

Fio. 4.— ScGtion thnMgh AiokaUn after Tomebi^unt 1896^ ihowiiig the Aie ichittt 

as pre-SilurUn. 



both sides of the slates.' According to this interpretation there 
are only three beds, and the gneiss is the oldest. 

This conclusion was, however, rejected by BjOrlykke, who in 
1894 accepted the fact that much of the 80-called Mountain 
Quartzite {Hdt/jeldskvartsen) of the Norwegian Fells was a 
gneiss and not a quartzite; and he claimed that this gneiss 
was of post-Ordovician age, and that the crystalline rock had 
been originally deposited unconformably on the unaltered, 
older Ordovician beds.^ 

In 1905 BjOrlykke issued as No. 39 of the Norgcs Geologiska 
Undersdgelse a work on the mountain structure of Central 
Norway, in which he maintains that the upper sparagmite 
group is of Devonian age, and that, for that area, " the theory 
of overthrusting must be abandoned." For the geology of 

' A. E. Tflniebaliii^<*OmQUlproliIeiiwt,"(M./^. mk, wl x. (1888), pp. 

33S-36. 

• A. E. Tomebohm, " Om hdgfjallsqvartsitcn," GeoL For. For/L voL xiii.(i89i), 
p. 41. 

' K. O. Bjdrlykke, Hdifjeld^Mrtscns nordottligtt* qdbtedebe^" Nwgts Cea^ 
VmUnog. Na 14 ; Aarbog for 1891 og 1893 (1894) ppu 64, 71, 74. 



Digitized by Google 



THE GREAT SCANDINAVIAN OVERTHRUST 407 

Mount Areskutan he apparently accepts the suggestion of 
Reusch, that its upper gneisses are altered eruptive rocks. 
From the same memoir it appears thai Schiotz, in 1902, 
accepted the action of overthrusts to explain the structure of 
Osterdal in Eastern Norway. 

In 18^ Herr TOraebohm's views received the powerful 
support of Pro£ Hogbom, now of the University of Upsala, 
who demonstrated the truth of the overthnist theory by 
careful mapping of the High Fells of Jemtland. His results 
were published in a monograph,^ and illustrated by a geolo* 
gical map of the province on the scale of i to 500,00a 
His survey proved that the overthrusting has taken place 
on a scale even greater than in Scotland. Two years 
later followed Dr. Tomebohm's important memoir,* which des- 
cribed the geological structure of the main High Fells 
both of Norway and Sweden, and esLtended the overthnist 
explanation to the districts to the south-west of jemtland. 

The surveys of TOmebohm and HOgbom leave no doubt 
as to the occurrence of a great overthnist of pre-Cambrian 
schists over Lower Palaeozoic sediments. The main overthrust 
mass covers an area of some 5,200 square miles; this vast 
sheet of rock was thrust from west to east over the undcrlj'ing 
fossiliferous sediments. The evidence is clearest in the case 
of some outliers of the schists, which have been cut off by 
denudation from the main overthrust mass. The best known 
of these outliers are at Offerdal, a locality to the north-west 
of Ostersund and thirty miles east of Areskutan. Offerdal 
is a valley running from north-west to south-east and containing 
the upper arm of Lake Naiden. The floor of the valley is 
occupied by the true Silurian beds, which are thrown into many 
small folds, and are often isoclinals dipping to the west (fig. 5). 
The valley is bounded to the north b}^ a plateau, which is 
cut through by the valley of Lake LandosjOn ; the plateau 
and the area to the north of that lake are formed by overthrust 
mica schists and crushed Algonkian conglomerates and 

* A. G. HSgboBi, ''Gedogiak Beskri&ioflr 6fVer Jemthnds Lan," 5t«r. doi, 

Unders. Afhandl Ser. C, No. 140 (1894), 107, p. t, pi. and map. 

' A. E. Tornebolun, '* Grunddragcn af det Centrala Skandinavicns Berg- 
byggnaU," HandL K. Smns. Vet, AkiuL vol. xxviii. No. 5 (1896), 210 pp. 4 pi. and 
geological map of Centnl Scandinavia, on scale of I to Sooyooo Geimaa 
Siffiiiwary pp* I79~97)* 
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quartzites. The southern side of the Offerdal valley is formed 
by a block mountain Imown as Alsen, which is built of the 
same rocks. 

According to Prof. Hogbom's map, the Pentamerus Lime- 
stone Silurian of the Uandovery Series) can be traced all 
round the foot of the Alsen outlier; and looking across Offerdal 
to the north, the superposition of the schists above the lime* 
stones is shown in a section, reproduced as fig. 5. 

The maps and sections of both TOmebohm and H5gbom 
appear convincing that the only satisfactory explanation of 
the facts is that the schists have been overthnist above the 
Lower Palseozoic sediments. 

From Jemtland, the overthnist has been traced south-west 
into Norway and northward into Lapland. The evidence in 
the far north has been collected by several observers, including 



w 



s CoDtoited Silurian (chieflj Uppar Sillllini). c.- Crushed Spa 

uk Schists. (Scvc Group.) T.P. ^ Thruit PUn«, 

Fig. 5.— The north bank of Offerdal, after Uogbom. 

Tdrnebohm, HOgbom, Holmquist, Sjogren,' and Svenonius.^ 
Prof. Sifip^ren ' has described the sections around Sulitelma, 
and Dr. 1 ioiiiiquist ' the wide area of schists thrust over 
sediments assigned to the Silurian, to the south-east of SuHtelma 
and south-west of Qvikkjokk. To Dr. Holmquist* is also due 
the most detailed account nf the overthrust area to the south of 
Tometrask, the most northern of ihc great Swedish lakes. The 
evidence at Tornetrask is very clear, and, by the kindness 
of Herr H. Lundbobm of Kiruna and the Traffic Manager of 

* A bibltogiapby has been xecently given by HSgbon, NOfriand, 1907, 

pp. 108-9. 

' H. Sjogren, " Om Sulitelma-omrldets berganer och tektonik," O^oL For. 
F9t^. voL xviiL (1896), p. 346. 

' P. J. Holmquist, "En geologidc profil iifver Fjellomradena emellan 
Kvi! I : ! h Norska Knsten," Sver. GfoL Umdtrs. AJkamU. Ser. C, No. 185 

(1900}, 100 pp. 2 pi, 

* P. J. Holmquist, " En geologic profil Ofver den skandinaviaka Qillkedjaii 
vid Tofnetrfttk)** Gwl, For, *Fbrh. voL m, (X903X pp. pL And 
«* Bihang tiU TdrneMlskpnfileii," iHd, pp. 375-90^ fiL sm. 
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the Lapland Railway, I was enabled to spend a few hours at 
Kaisepakte, where the thrust plane is most accessible.' 

A bluif of rock here rises steeply above the southern shore 
of the lake ; the lower part of the slope consists of a massive 
pink granite. Then follows a series of brown nodular shalesi 
with some layers of conglomerate; next a green shale and a 
brown nodular shale with some concretions; then follows a 
bed of dark blue massive quartzite. The shales are normal 
sedimentary rocks resembling in aspect some of our Tarannon 
shales. A fossil has been found in them at Luopahta, a few 
miles farther to the east. Holmquist ^ quotes an opinion based 
on it that the beds are of the age of the Chasmops Limestone 
(Middle Ordovician) ; but the fossil appears to be indeterminable, 
though its presence encourages the hope that better material 
will reward further search. Above these Lower Palaeozoic 
sediments comes a sheet .of cataclastic schists, some of which 
still retain the characters of augen-gnciss ; but the main mass of 
rock has been broken down into a mylonite. This shattered 
rock has been named " Kakarit" by Svenonius. All stages of 
mylonitisation may be seen, including crushed gneiss, banded 
felspathic quartzite, and bnnded granulites ; the extreme stai^o 
in the dynamo-metaraorphisni 1^ reached in some fine-grained 
pseudo-ph^dlites, which look like simple slates. 

The overthrust rocks are intensely crushed and contorted, 
great blocks being composed of layers twisted into complex 
folds and overfolds. The underlying sediments, on the other 
hand, olLcn remain horizontal or with a dip ol only 2 ICxamiiia- 
tion of this section is convincing that the crystalline rocks that 
form the bluff of Kaisepakte have been thrust over the unaltered, 
undisturbed underlying sediments. The descriptions by Dr. 
Holmquist of the adjacent districts to the south of Tometrftsk ; 
by Tomebohm* of the country to the north of the lake 
at the head of BalsQord, to the south-east of TromsOe ; by 
Sjogren of Sulitefana ; and by Holmquist of the country south 
of Sulitelma, show Uiat this overthrust traverses the whole 
length of Norrbotten, the northernmost province of Sweden. 

' During my visit I had the benefit of the company of Hen Ljiistrom and HeiT 
Sundius of Upsala. 

• Holmquist, GS»/. F9r* FMk, vol xw. p. 38. 

' A. E. Tornebohm, " Om fonnadonsgruppoma inocn dot nordUgaste Skan* 
dinavien," GtoL For, FMl voL soil pp. 206-17* 
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There is also evidence of the overthmstiiig across Westerbotten, 
between Norrbotten and Jemtland. The overthmst can indeed 
be traced from 69"" N. lat in Norwegian Lapland across seven 
degrees of latitude in Sweden, till the line recrosses the frontier 
and continues for 150 miles farther into Norway. Its course in 
Southern Norway was traced by Tomebohm across the valleys 
of the Glommen, of Gudbrandsdal, Espedal, the Valdres valley 
(Hedal), and Hemsedal. His conclusions were supported by 
Reusch's* description of the country around Vangs Mjosen and 
Slidre, in the upper part of the Valdres Valle}-, where the 
Arehean granites are overthrust over pliyllites and quartzites 
assigned to the Cambro-Silurian, And the course of the great 
overthrust has been continued westward round the SognefjJillen 
to the Hardangerfiord, by the work of Reusch, Rekstad, and 
BjOrlykke,'' and by Rekstad in the Hemsedalfjallen.' 

The Scandinavian overthrust is therefore on a colossal scale. 
It follows the main mountain chain of Scandinavia throughout 
its entire length. Its length, according to Tornebohm, is about 
1,800 kilometres Cover 1,100 miles). It is therefore on a much 
larger scale than in St otl.nid, where the length ui il;c overihrust 
from Glendg to its noiLhern end at Whitten Head is about 
100 miles. The width of the overthrust is even more startling. 
Tornebobm claims that the overthrust masses, which are still 
1,500 metres thidc, have travelled eastward for a distance of 
eighty miles. He remarks that ''such an immense width is 
something never yet precedented in the annals of geology, 
and he does not conceal from himself the hct that its possibility 
will be generally doubted. But after many years of investiga- 
tions he has come to the conviction that only by such a great 
overthrusting can the actual relations be explained ; so he is 
not afraid to express this conviction boldly.** Toraebohm 
claims that the width of the overthrust is not disproportionate 
to its length. The demand made on the strength of the rocks 
is, however, at first staggering ; so it is not surprising that the 
development of the overthrust hypothesis in Scandinavia met 
with some opposition. 

' Hans Reusch, ** H6ifjeldet mellem Vangsmjosen Of Tislda (VaUresX'iVSwQ^ 
CtM/. Unders'oi^. No. 32 ; Aarbog for 19CXD, pp. 45-88. 

» ** Fra Hardangervidden," Nor^ Geol. Undersog. Aarix^ for 1902, No. 2. 

^IkU.i^oj. TheMadMrMtemextentioDof Aeovec^^ 
oy Tftnebohm, " Om den skMdiiiaviaka ^mkedjaiu sydvettiiidB^" G«ot, F9r. f9rk, 
vol, nv. (1903X pp. aSa^ 



Digitized by Google 



THE GREAT SCANDINAVIAN OVERTHKUSi 4^1 

The criticisms have followed three main lines, (i) The post- 
Silurian age of the schists and gneisses overlying the sediments 
is still maintained by several Scandinavian geologists. (2) 
The superposition of the older beds has been attributed b}" 
Svenonius to complex overfolding; he explained the succession 
of the rocks in Norrbottcn by contortions similar to those 
formerly introduced in Swiss geology (fig. 6, after Svenonius). 
(3) 1 he invocation of numerous overthrusts instead of one vast 
movement. 

The third h3'pothesis has been advanced by Dr. Holmquist» 
from the evidence collected in his careful study of the districts 
to the south of Tornetrask. He holds that instead of there 
having been one vast overthrust, which in that area would 
have to be thirty-five miles or more in width, there have 
been many siiorter overthrusts. The "Silu[i.ai " rocks have 
been thus sandwiched between the crystalline rocks ; and, 
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T«k Sccdoa dma^ OtmMazn, Lapknd (after SfitamSm, 1896). 

according to Dr. Holmquist, the tops of the folds sum tunes 
expand laterally beyond their impressed limbs, like an exag- 
gerated Alpine fan. But these sections have been ridiculed 
as "mushroom constructions" by TOniebohm, who holds to 
his iaith in one great movement.^ Dr. Holmquist's view, 
however, appears to be possible, and it has ihe recommen- 
dation of making less trying demands on the strength of the 
rocks. The overthrust rock-masses are comparatively thin in 
proportion to their extent, and it would appear very doubtful 
whether they could have been thrust forward in a slab by 
pressure applied thirty miles behind in the case of Lapland and 
eighty miles distant in Jemtland. We are forbidden to appeal 

' F. Sveaonius, "Om Berggrunden i Norrbottens Lkn," Si Cr. Gccl. Und^rsok. 
Ajhandl. Ser. C, Na 126, 1892, pp. 37-41, and "Na^ra Bidrag till belysning af 
enqitiveiis betydebe fiSr QilllMldiiiiigania,* Sver, CM, Unden, AfliamU. S«r. C, 
No. 161 (1896), pi. I. 

* A. E. Torncbohm, " Om Tometrask'profileostydaiQg," Giol, FUr, Fdrh* voL 
XXV. (1903), pp. 83-92. 



Digitized by Google 



412 



SCIENCE PROGRESS 



to a very thick overlying rock cover, or the underlying shales 

must have been more disturbed. The process must have 
happened in the fracture zone of the crust and not in the 
deeper zone of fluxion. Hence if Dr. Holmquist's view be found 
correct, and could be extended by further mapping to Jemtland, 
it would simplify the explanation of the crustal movements, 
and would still leave the Scandinavian overthrust the greatest 
yet discovered. 

The Scottish and Scandinavian overthrusts are accompanied 
by many of the same phenomena. The most sigiiiiicant difference 
is that tlu movements took place in opposite directions; in 
Scotland the rocks above the llirust planes were pushed west- 
ward ; in Scandinavia they travelled eastward. The disturbances 
were therefore doubtless due to changes in the land that occupied 
the area between the Scandinavian High Fells and the North- 
west Highlands of Scotland. The thrusts, on both sides, were 
outwards towards the depressions that probably existed in the 
Baltic region and off the western coast of Scotland. 

Supplementary JNote on the Literature 

In addition to the literature cited in the text reference may be 
made to the following. Full bibliographies of the earlier literature 
are given by TOmebohm in his Gntnddragen, 1896^ pp. 202-5, 
and by HOgbom in bis Monograph on Jemtland, i894» pp. 100-3. 

A short summary of the literature on the investigations 
of 1868-71 is given by TOrnebohm, " Till historiken Ofver de 
geologiska undersOkningama i Sveriges QftUtrakter," GeoL F&rm, 
F&rk4tndl, voL vii. 1885, pp 669-73. 

A summary is given by Prof. HOgbom in the third sec- 
tion of his paper, "Sur la tectoniquc et TOrographie de la 
Scandinavie," Aruialfs Geogr. vol. xi. 1902, pp. 122-33, pl- 

The course of the overthrust line in Sweden is marked on 
the geological map of Sweden on the scale of i to 1,500,000, 
issued hy the Swedish Geological Survey in ioot. 

Many of the memoirs quoted from the Ajhandlingar of 
the Geological Survey of Sweden were also published in the 
Far/tandiingar of the Geological Society of Stockholm. 
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Bt W. D. HALLIBURTON, MJ)., F.R.S. 

It is not probable that many readers of Sciencb Progaess have 
ever experienced the misfortune of having an important nerve 
cut across. But those engaged in hospital practice, especially 
in manufacturing districts where machinery is employed, often 
see accidents of this nature. The result of such an injury is that 
the parts of the body which the divided nerve served to link 
with the central ner^^ous system are destitute of the power to 
move and to feel. The telegraphic service of the body has been 
interfered with, and the brain is no longer able to transmit its 
commands to the motor mechanism, nor to receive communica- 
tions from that part of the sensory surface which is severed from 
it by the division of nerve fibres. Many of these cases recover 
after the lapse of time, and this period can always be shortened 
if by surgical interference the divided segments of the nerve are 
sutured together. 

If, on the other hand, the injury occurs in the central nervous 
system, the effects are more serious. Suppose, for example, 
the spinal cord is divided or crushed, then the main line of 
communication is no longer capable of conducting nerve im- 
pulses up and down, and a large area of the body surface 
is thrown out of connection with the sensorium. And again, 
unless the division is a complete one, a certain amounl of 
recovery takes place. But the method of repair is different 
in this case from what it is in our first example — the division of 
a nerve. 

In the recovery that occurs to a «naU extent when important 
conducting paths are cut across in the central nervous system, 
restoration is not due to the healing of the injured tracts, nor 
to the regeneration of the divided threads* which are called 
nerve-fibres; but to the happy circumstance that the complex 
labyrinth of conducting paths has so many cross connections 
that it is possible for impulses to avail themselves of these, 

415 
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and so reach their destination by a new channel. There is 
absolutely no recovery if the division of the spinal cord is 
complete, for then all possible channels are equally blocked. 

In a nerve, recovery will occur if the division is absolute, 
and in this case restoration of function is due to the regenera- 
tion of the nerve fibres. It is the object of this paper to 
describe the manner in which this regeneration occurs. 

Nearly every one has siifTered at some time from minor 
injuries in the way of skm wounds, and has doubtless for a 
lime experienced anaesthesia or loss of sensation on one side 
or other of the cut. Some months later sensation returns, 
and the accident is forgotten. Reg* nc ration of the nerves 
necessary for this usually occurs without any surgical aid, and 
and all that remains is a scar. Scar tissue, or cicatricial tissue, 
as it is technically termed, is a dense kind of connective tissue 
somewhat stronger and firmer than the ordinary skm. This 
same kind of tissue is formed in the repair of all injured 
structures in the body. When, for instance, a muscle or a 
tendon is cut across, the formation of cicatricial tissue to budge 
across the gap is quite sufficient to restore the continuity and 
uses of the injured oi]gan. If a rope is divided, it does not 
matter what sort of material— silk, hemp, or cc^ton— 45 used to 
tie the ends together; if the repairing material is sufficiently 
strong the rope is as good as ever. So it is with the haulage 
mechanism of the body : a tendon or a muscle can pull upon 
the bones quite as well as before the accident, even although 
the repairing tissue is not identical with that which was injured. 

But the case of a nerve is different If a telegraph wire 
is divided the repairing material must be wire, or at least 
something capable of conducting electricity. The molecular 
change transmitted along nerve fibres, and which is termed a 
nervous impulsei is so peculiarly the property of nerve fibres, 
that no amount of scar tissue is efficacious in restoring function. 
Nerve fibres must be mended by nerve fibres and by nothing 
else. Indeed, a large amount of cicatricial tissue is harmful, for 
its very density is an obstacle to the successful growth of the 
new fibres which ultimately penetrate it. 

We must never push the telegraphic simile too far in dealing 
with the nervous system, useful as it is in talking of such 
matters to students. If a telegraph wire is broken, all that 
is necessary in healing the damage is to connect the ends 
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with another piece of similar wire ; the two segments of wire 
which are united are not injured throughout their length, 
and conduct the electrical impulse as well as ever. In the 

> case of a nerve it is different; the stretch of nerve still united 

to the central nervous system is spoken of as the central end; 
this consists of long threads which are the outgrowths of 
protoplasmic masses, termed nerve cells, situated in the grey 
matter of the central nervous system. The central end of a 
divided nerve remains healthy, or approximately so. The other 
segment, which is called the peripheraliend, consists of nerve 
fil^es also, but after division they soon lose their power of 
responding to stimuli and of conducting nerve impulses. They 
simultaneously undergo a degenerative change, which can be 
easily recognised by the microscope, and ultimately atrophy. 
These fibres having been cut off from the nerve cells— of which 
they are outgrowths— are no longer capable of receiving that 
nutritive control which it is the special object of these proto- 
plasmic masses to accomplish. This was first pointed out by 
the elder Waller, and the term " Wallerian degeneration," by 

I which it known, is a permanent record of this historical fact. 

Even the most rapid suturing of the divided ends together is 
ineffective to prevent Wallerian degeneration from occurring in 
the distal segment. 

This shows the difficulties attendant on the process of nerve 
regeneration ; for the new fibres have not only to bridge a gap, 
but they are also necessary to replace the degenerated fibres 
in the peripheral segment right down to its ultimate and final 
ramifications in skin, muscles, or other organs. 

In the elucidation of the problem as to how this is 
accomplished, experiments upon aiiunals liave been rendered 
necessary, so as to extend and complete the imperfect 
information, which is aU that can be obtained by clinical 
observation in man. 

But in order to pave the way to this, it is first necessaiy 
to allude to the way in which nerve fibres find their way 

^ to the periphery from the central nervous system in the 

embxyo. llie central nervous system (brain and spinal cord) 
is originally formed by an infolding from the surface of the 
most external embiyonic layer known as the epiblast, the 
remainder of the epiblast appearing in the fully fonned animal 
as the epidermis. This inf<Ading is cut off from the surface 



Digitized by Google 



4i6 



SCIENCE PROGRESS 



epiblast, and an island tube of epiblast is converted by thickening 
of its walls into the brain in front and spinal cord behind 
Its walls contain numerous masses of protoplasm, or primitive 
nerve cells, which are called neuroblasts. At first these cells 
have no processes, but branching projections grow out from 
each ; these interlace with the similar processes of other cells, 
and so bring neighbouring cells, and even distant cells, into 
communication with each other, to ensure harmonious or co- 
ordinate action between them. But these branching processes 
or dendrons are not the only outgrowths of the nerve cell, nor 
are they the first to make their appearance. The first outgrowth 
to appear is stouter than those that follow; it grows to the 
greater distance ; it leaves the central nervous system altogether, 
and ultimately penetrates to peripheral structures. It is known 
as the axon, and, with few exception?, (^vr-ry cell body has only 
one axon. It ultimately becomes the axial conducting core 
of a nerve fibre, and a collection of these fibres constitutes the 
bundle known as a nerve. At first the axon is naked throughout 
its entire length, but later in development it becomes sheathed. 
The sheaths of the axon are certainly important for its 
nutriLiun, and possibly insulate the axon, much as a telegraph 
wire is insulated fin in its fellows by a silk or gutta-percha 
covering. In the fully formed nerve each fibre then consists 
of an axon or axis cylinc]<T; outside of this is a thick white 
sheath, which contains complex phosphorised fats — this is 
known as the medullary sheath or white substance of Schwann ; 
outside of this is a delicate nucleated membrane called the 
primitive sheath of Schwann, or more usually the neurilemma. 
Certain new fibres, however, never receive a fatty sheath, and 
are consequently called non-medullated ; these are the fibres 
which supply the involuntaiy muscular fibres of the internal 
oigans of the body. 

This view, that each nerve fibre develops as an independent 
ou^nrowth from a nerve cell, and grows distalwards, finally 
becoming united to other tissues («^. muscle fibres) in the 
periphery of the body, is associated especially with the name 
of His, and has been accepted by the majority of embryologists. 

There have been other views held, but it will be sufficient 
here to mention only one of these; for it is the one which, 
next to that of His, has been favoured by investigators. Briefly 
it is as follows : The nerve fibre is not a secondarily formed 
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bridge between the central nervous system and tlie peripheral 
organs, but exists from the very first, and in subsequent 
development it merely undergoes elaboration, and increases in 
bulk and in length as the distance from the central nervous 
system and the periphery increases with the increasing size 
of the developing animaL 

I shall not Ailly discuss the pros and cons of this con- 
troversy, but only say that the available evidence appears 
to me strongly in favour of the first of the two views, 
and it has within the last few months been supported by a 
very remarkable ocular demonstration of its truth. Mr. Ross 
Harrison has, in the Johns Hopldns University, Baltimore, 
actually seen the fibres growing outwards in embryonic 
structures. Pieces of the primitive nervous tube which forms 
the central nervous system were removed from frog embryos, 
and kept alive in a drop of lymph for a considerable time ; 
the cilia of the neighbouring epidermic cells remained active 
for a week or more ; embryonic mesobhistic cells in the 
vicinity were seen to become transformed into striated muscular 
fibres, and there was therefore no doubt that even under 
artificial conditions of this kind — rendered necessary (ur 
microscopic purposes — life and growth were continuing. From 
the primitive nervous tissue, and from this alone, nerve fibres 
were observed growing and extending into the sunounding 
parts. Each fibre shows faint fibrillation, but its most remarkable 
feature is its enlarged end, which exhibits a continual change 
of form. This amoeboid movement is very active, and it results 
in drawing out and lengthening the fibre to which it is attached, 
and the length of the fibre increases at the rate of about one 
micro-millimetre in one or two minutes. 

I think these observations show beyond question that the 
nerve fibre develops by the overflowing of protoplasm from 
the central cells, and thus give us direct evidence in favour of 
the view which most embiyologists previously held mainly as 
the result of circumstantial evidence. Such, then, being the 
general state of our knowledge regarding the way in which 
nerve fibres grow in the developing animal, it is not surprising 
to find that the prevalent idea regarding their regeneration after 
injury follows the same lines. The original teaching of the elder 
Waller (1852) that regeneration occurs by fibres growing out 
from the central stump into the peripheral segment of the nerve 
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was formulated at a time when the relationship of nerve fibres 
to nerve cells was not so fully recognised as it is at present; and 
the Wallerian doctrine may be accepted with confidence to-day. 
It has, however, been questioned from time to time, and the 
earliest to hold an opposite view was Vulpian. Vulpian, work- 
ing with Philippeauz, cut nerves in young animals, excising 
long portions so as to prevent the two ends imiting. Some 
months later they were surprised to find that new perfectly 
formed nerve fibres had appeared in the peripheral segment, and 
that this segment possessed the physiological properties of being 
excitable and capable of conducting nerve impulses. To this 
phenomenon they gave the name of " autogenetic regeneration." 
The publication of these results provoked a long controversy, 
which lasted from 1859 to 1874, and was closed at the latter date 
by Vulpian withdrawing his new idea. He did so because in the 
meanwhile he had repeated his experiments more carefully, and 
so discovered that, although the ends of the divided nerve had 
not joined up, connection with the central nervous system 
had nevertheless been rc-calablished by means of fibres growing 
into the peripheral segment from other nerves cut through 
in skin and muscle in the course of the operation. 

The controversy has been revived within the last few years, 
and the position of the disputants has been almost exactly the 
same as that occupied by Waller and Vulpian half a centuiy 
ago. Modem investigators have, however, the advantage of 
bemg able to apply new methods of research, and are provided 
with many histological reagents of which the older workers were 
destitute. It is, however, never safe to argue entirely from 
microscopic appearances, for nerve fibres may be simulated by 
nournervous structures, and a strand that looks like a nerve fibre 
is not really such unless it can be experimentally shown to 
be both excitable and capable of conducting nerve impulses. 

Vulpian's old doctrine of auto-regeneration has been revived 
in this country by Ballance and Purves Stewart, and in Scotland 
by Kennedy. The most prominent and persistent supporter 
of the autogenetic theory is, however, a German neurologist 
named Bethe. But none of these investigators have exeluded 
the fallacy which underlay the work of Vulpian and Phiiippeaux, 
as has been recently pointed out by Langley and Anderson. 
These two workers at first thought they also had obtained 
evidence of purely peripheral regeneration, and it was not until 
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they earned out careful dissections that they convinced them- 
selves that union vviih the central nervous system liacl occurred. 
The new nerve fibres which grow into the peripheral segment 
from other nerves divided in the operation, often do so by 
a devious and contorted course. If the number of meduHated 
nerve fibres in the peripheral end is small, then the connection 
with central fibres was found to be slight; and in cases where 
no connection occurred then meduUated. nerve fibres were entirely 
absent Bethe admits a variability in the number of medullated 
fibres, and this, though easily explicable on the view that such 
fibres come by accident from the central ends of divided nerves, 
is not accounted for at all by the autogenetic theoiy. 

Another admission which Bethe makes also weakens his 
view. He admits that auto-regeneration does not occur in adult 
animals. He does not, however, state at what age animals lose 
their power of auto-regeneration, nor explain how it is that 
after a certain date an animal repairs a divided nerve in the 
exactly contrary manner to that it would have adopted if the 
nerve had been cut before that date. The difference which 
exists between young and adult animals is quite easily accounted 
for in accordance with Wallerian views ; it is simply due to the 
greater ease with which reunion with central nerves occurs 
in young and actively growing animals. 

Bethe's views have been contested not only by Langley 
and Anderson, but also by Lue^aro, by KolHker, by Cajal, by 
Marinesco, by Mott, and Edmundb m conjunction with myself, 
and by numerous others. 

I may mention a few of the experimental results which have 
come out of the renewed work elicited by the promulgation 
of the autogenetic theory. 

(1) It is possible entirely to prevent reunion with the central 
ends of divided nerves. In our own work we accomplished this 
by removing a long stretch of the main nerve experimented 
with, by making the skin incision as small as possible, and 
by indosing the top end of the peripheral 5^;ment in a cap 
of sterilised gutta-percha. Under sudi circumstances no auto- 
regeneration occurs. 

(2) Pieces of nerve may be transplanted under the skin, 
and in time a few fully formed medullated fibres appear within 
the degenerated bundle of fibres. This is adduced by Kennedy 
as undoubted evidence of auto-genesis, but, again, is easily 
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explicable on the hypothesis that the new fibres had wandered 
in irom cutaneous nerves divided in Ihn course ol the operaLion, 
and we showed that if this fallacy is excluded by transplanting 
the nerve, not into the subcutaneous tissues, but on to the 
stomach wall In a sheath of peritoneum, no Feneration occurs 
at all 

(3) The late appearance of the medullary sheath in those 
portions of the regeneratmg fibres which are most distant 
from the place where the nerve is originally cut and sutured, 
is a conclusive piece of evidence that the new nerve fibres 
grew from the central end in a peripheral direction. 

(4) After regeneration has occurred, the nerve may be again 
cut across, either on the central side of the original point of 
section (as in Langley and Anderson's work^ or on the peripheral 
side of the original seat of operation (as in our own work). In the 
former case Wallerian degeneration occurs in all the new fibres, 
showing that they were all under the nutritive control of the 
cells of the central nervous system. In the latter case the 
degeneration took place solely on the peripheral side of 
the second cut. The direction of degeneration is always the 
direction of growth, so this experiment shows that the growth 
of the new tiltrcs had not started from the periphery central- 
wards, but in the reverse dncrtion. On looking up the 
literature of the subject, I found that Vulpian also did this 
experiment with the same result, and it can hardly be doubted 
that this formed one of the factors that later led him to abandon 
the autogenetic theory. An experiment on somewhat the same 
lines has been carried out recently by Lugaro : he has shown 
that regeneration of the cut nerves connected with the lower 
part of tiie spinal cord does not occur after that part of the 
Spinal cord has been extirpated. This is a very striking piece 
of evidence, showmg the dependence of the growth of fibres on 
the activity of the cells of the central nervous system with which 
they are originally connected Ocular evidence is, however, 
perhaps more convincing than the description of experimental 
results, so I will next present to the readers of Sosncb Progsess 
drawings of some of the microscopic specimens prepared by the 
latest improved methods. 

Cajal, by the help of bis new silver method, comes to the 
conclusion that the new formation of nerve axons in the peri- 
pheral stump is exclusively due to growth from the central end. 
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He figures the long and often contorted course of these growing 
fibres in the sweUing at the cut central end, and shows that 
thev ultimately reach their goal — the peripheral segment— in 




V i^. I. olive-shaped swellings al ihc in rei;encraiing nerve fibres : ihe 
ends of nerve filires growing distal- fibres arc seen to Ik- of varying 
wards from the central ends twenty- thickness, and each is pro- 
one days after the nerve had been vidcd with a terminal swelling, 
divided. (.Marinesco.) (.Marinesco.) 



time and in spite of all hindrances. The greater the obstacles 
interposed the later does the union and consequent regeneration 
in the peripheral end occur. He also draws attention to the 
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oHvc-shaped swelling at the free end of each growinij axis- 
cylinder. These are also figured by Marinesco, and I am 
indebted to the kindness of Prof. Marinesco for figures i and 
2, which illustrate these swellings ; in figure 2 the convo- 
luted course of the new fibres, which is so frequently seen, is 
shown. 

MnritK^sro cilN attciui<»n also to the fart tiiat these terminal 
swrlling.s, allliouuli llu\ may roughly be described as olive- 
shaj>ed, vary a good ileal in external form ; tiii'^ is shown in 
the drawings, and is quite intelligible now thai wc have Ross 
Harrison's dcscripiiiui nf the conslaiU c^lianges of form they 
exhibit in embryonic history. In regenerating fibres we liave 
not direct evidence that similar amoeboid movements take 
place, for tlie preparations were made not while the fibres 
possessed vitality but after lixation with a suitable hardening 
reagent. Still, the mere fact that they are fixed in various 
shapes is conclusive evidence that they do exhibit these 
changing outlines. 

Marinesco has passed through the stage so often seen 
in those who have attacked the problem of nerve repair. In 
his earlier publications he thought his preparations afforded 
evidence of auto-regeneration, though he never went as far as 
Bethe has done in that direction. In his latest papers he has 
entirely recanted these views, and is now convinced that auto- 
regeneration is a myth. 1 reproduce two more of his very 
beautiful illustrations. The preparations were stained by CajaFs 
new method, and they require but little comment. 

They show the new fibres penetrating the cicatricial tissue 
of the junction from the central end in a peripheral direction; 
they show the absence of any new axons developed auto- 
genetieally in the peripheral end. Such preparations ought to 
carry t ()n\ iction to ihn-^c w ho have any lingering belief in auto- 
regc nei ation, that the Walleriau view is the only possible one 
to ad'tpt. 

It must net, howevt I , be jjuppuscd that the peripheral end 
is entirely inactive; iur while degeneration is prognssing in 
the axons and their fatty sheath, an artiNc multiplic.aion ot 
the cells of the primitive shcalh ur nt unit nima i akuig place. 
These neurilcmmal cells probably play a nutritive action 
towards the more important structures within them, and Graham 
Kerr, in a recent study of nerve growth in the fish Lepidasiren, 
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Fig. }. — Longitudinal section of sciatic nerve of 
new-lxjrn dog eight days after the nerve had been 
divided. Union had already taken place. At 
the exireniily of the central end (a) growing 
fibres are seen running in various directions 
towards the cicatrix (b) ; c is the peripheral end, 
into which a few fd>rcs are already penetrating. 
( Marinesco. ) 




^^'C- 4- — Longitudinal section of dt»};'s nerve, 
twenty-one days after the nerve had been 
divided. A more adv.inced conditi<m is 
seen than that shown in fig. 3. A is the 
central end ; B the cicatrix of union, where 
tlie nerve fibres are seen in great numl>ers 
taking an irregular course. Into c, the 
peripheral end, many fibres have already 
successfully penetrated ; m, ni', m", etc., 
are the terminal swellings of fibres grow- 
ing from the central stump and directed 
towards the |ieriphcry, except in the case 
of m", where the twisting of the new fibre 
in its eflorts to grow had, at the time when 
the animal was killed, <lircctcil the termi- 
nation backwards. (Mariiiesco. ; 
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has supported in a very conclusive and entirely independent 
way the view that Mott and I advanced some years ago of the 
vahie of the neurilemma in maintaining the nutrition of the axis 
cylinder. There is but little doubt also that these cells act 
as phagocytes in the removal of the degenerated products of 
the other portions of the nerve fibre. But after this is accom- 
plished they elongate and unite into long chains. It is this 
appearance that has led some observers into regarding them 
as true nerve fibres ; they have jumped to the conclusion that 
the neurilemmal cells are also able to form a conducting core, 
and so have re^nrded auto-regeneration as a histological possi- 
bility. I^»ut all recent observations by the best methods, as I 
have already stated, have failed to discover cither an axial 
core or a fatty sheath in these '•embryonic Hbrch" as they 
have been termed. Howell and Huber put it very well nearly 
twenty' years ago when they said the peripheral structures are 
able to prepare the sen Holding, but the axon, the essential 
conducting core of thv iibre, has an exclusively central origin. 

The change in the neurilemmal cells which occurs in the 
peripheral segment is even more vigorous at the central ter- 
mination of the cut nerve ; here its nutritive function (or 
apotrophic function, as Marinesco calls it) is effective, and 
provides for the nourishment of the actively lengthening axis 
cylinders. At the peripheral end, unless the axons reach it, it 
is ineffective in so far as ans real new formation of nerve fibres 
is concerned. If, however, the axons reach the peripheral 
segment, the work of the neurilemmal cells has not been useless^ 
for they provide the supporting and nutritive elements necessary 
for their continued and successful growth. Moreover, the neuri- 
lemmal activity appears to be essential. In the white fibres 
of the central nervous system the neurilemma is absent; in this 
situation not only is the removal of the products of degeneration 
a very slow process, but, as 1 have previously mentioned^ 
regeneration does not occur. 

Having now considered the manner in which nerve regene- 
ration occurs as elucidated by experiments upon animals, wc can 
next pass to a study of the problem in man. When the accident 
i"^ a slight one, or when a surgeon during an operation 
ncc( ssnrily divides a number of small rui;nu ous and similar 
n( r\( 3, the process of repair may be cnnlidcnlly left to nature, 
liut when a large nerve trunk is divided, the case is a ditferenL 
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one--^for a large nerve on division curls up at the end, forming 
a contorted leash of fibres ; it also retracts, and a considerable 
amount of scar tissue is formed. This cicatricial tissue, by the 
time the nerve has begun to regenerate, has become very dense, 
and so an impediment to the successful growth of the nerve 
fibres is interposed. Still, in spite of such a barrier, spontaneous 
restoration frequently takes place. If the cut were made by a 
dirty piece of sharp machinery, innammation usually comes in 
as a complication, and causes still further delay. In animals» 
where the cut Is made with a clean knife, and antiseptic pre* 
cautions are employed, this danger is reduced to a minimum, 
the amount of scar tissue is less, and union may be anticipated 
without suture. But even here suture hastens recovery, and in 
man thoroui^h rlcnnsing of the wound and the union of the 
divided nerve by appropriate ligatures should always be carried 
out. The g^owiny: nerve fibres will then not be left to them- 
selves to find liitir way into the peripheral end, but will be 
guided more rapidly to their destination. In a number of cases 
where the carelessness of the patient has caused him to neglect 
obtaining this surgical assistance, it may be years before restora- 
tion of function takes place, but even under these circumstances 
the surgeon can help him. The old wound is opened up, the 
swollen lumps at the ends of the two segments of nerve are 
removed, and the two ends can then be united ; the operation 
is spoken of as "secondary suture," and recoveiy is then 
comparatively rapid. 

In some cases where the gap is a long one, some surgeons 
have been in the habit of transplanting a piece of nerve obtained 
in a living condition from a recently killed animal to bridge 
across the interval This, however, is not to be recommended, 
since Marinesco has shown that if a transplanted nerve is 
obtained from another species of animal it is completely 
necrosed, just as the blood corpuscles of one animal are 
destroyed by the body fluids of another. The interposition of 
a foreign piece of nerve is thus in man rather a hindrance than 
a help. 

Many surgeons have been steadfast upholders of the auto- 
genetic theory because they have found in man that sensation 
may return very rapidly after freshening up and suturing together 
the ends of a nerve which had been divided a long time 
previously. They argue that duriog this time new nerve fibres 
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must have been produced in the peripheral segment, which 
would be ready to exercise their functions directly they are 
placed in continuity with the fibres of the central end. 

Examination of these cases shows, however, that sometimes 
the conclusion has been a hasty one, dependmg largely on the 
evidence of the patients themselves, in whom the wish is father 
to the thought. There was a case of this kind recently in 
King's College Hospital. Very shortly after the operation the 
paUeril stated he was able to feel, but these sensations rapidly 
subsided, and sensation did not really return until months later. 
The preliminary sensations were doubtless subjective ; the 
irritation of the nerve in the scar lasted some hours, and the 
sensations so produced w'cre referred by the patient's mind Lo 
the original terminals of the fibres. 

In other cases the genuineness of the early recovery is 
doubtful, because insufixd^t care is taken in testing the patient's 
sensations. In spite of sensitiveness to such tests as needle 
pricks, there is usually absolute anesthesia to the for more 
delicate test of stroking the hairs over the affected region until 
quite late dates. Head and Sherren have recorded a large 
number of surgical cases, but evidence of early recovery is 
usually lacking; there is some difficulty in localising the stimulus 
so that it should not affect the hyperaesthetic marginal zone of 
the anaesthetic region, and if this danger is recognised it can 
be avoided. Another pitfall is this : the deep sensibility of the 
subjacent parts* such as would be excited by needle pricks, 
or by pressure, is entirely independent of cutaneous sensation. 
The fibres subserving this form of sensation run mainly with the 
motor nerves, and are not destroyed by division of all the nerves 
to the skin. Neglect to recognise this fact will explain some of 
the results of those who have published cases of early recovery. 

The difficulty of clinical observation on others induced 
Dr. Head to combine with his experiments on animals and his 
observations on patients, an experiment on one of the sensory 
nerves of bis own arm. This gave an opportunit}^ for the study 
of the phenomena by a trained observer upon himself He 
certainly experienced no early return of function, .uid the date 
at which sensation did come back coincides closely with the 
dates ol t allied in amnutls by physiologists for the reappearance 
of new and full}^ formed nerve fibres. 

In the course of this work he made the interesting dis^ 
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covery that the first kind of sensation to return is of a vague 
nature, which he terms pnOopathic ; he associates this with the 
activity of the fine medullated fibres which replace the de- 
generated ones at an early date ; return of protopathic sensibility 
begins about the eightieth day. The more elaborate sensations 
and power to localise them accurately return much later, and 
this epirritk sensibility, as Head terms it, is usually not perfect 
until montiis, or even years, have elapsed after the regeneration 
started. 

By this time, as was shown by experiments on animals, 
the iine nerv^e fibres which subserve protopathic sensation are 
largely admixed with a later growth of larger nerve fibres, and 
he believes that epicritic sensation is subserved by these. He 
also postulates that the three kinds of sensriLh»n (deep, proto- 
pathic, and epicritic) are related to ditferciiL kaidb ui end-organs 
in the peripheral structures. 

Granting that earlier observers had been led into errors 
by not being acquainted with Head's discoveries, and that many 
cases <^ supposed early recovery can be explained in the manner 
already mdicated, there remains a small residuum of cases in 
which such explanations do not hold, and In which early 
recovery appears to have been an undoubted fact Of these, 
I would particularly refer to some cases recorded by Dr. 
Kennedy of Glasgow, in which the return of sensation of some 
sort, especially to painful stimuli, was a matter of only a few 
days. In these cases due care appears to have been taken to 
exclude any bias of the patient's own mind. He admits that 
sudr cases are rare ; from his own point of view auto-r^genera- 
tion would therefore appear to be an unusual phenomenon. 
Granting that the early recoveiy was genuine, it seems to me 
there is a much more probable explanation than that of auto- 
regeneration. They are doubtless instances where extremely 
rapid growth of new axis cylinders from the central into the 
peripheral segment of the nerve took place. Dr. Kennedy's 
cases appear to be happy examples of the date of the secondary 
suture being such that the usual impeduueiUs to repair were 
minimal. The preparatory work of the neurilemmal cells in 
the distal portion of the nerve had evidently reached that 
stage when they were most fitted to receive the new axis 
cylinders, and by their metal) jIk activity favour the onward 
growth of the tibnib at a rapid rale. The cj^amination of 
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Dr. Kennedy's own records supports the same view. In three 
of his four cases sensation returned first in the parts nearest 
the suture, and later in more distant parts, such as the finger 

tips. This surely proves that regeneration was occurring in 
a peripheral direction. The record of the fourth case gives 
no details of the order of recovery. The only difficulty 
remaining is the unusual rapidity of the reparative process. 
I say "unusual" because most of our ideas of the rate at 
which axis cylinders grow are derived from cases in which 
gross impediments to growth are present. I have, however, 
been struck in some of our own observations with the rapidity 
with which the central unites with the peripheral end, even when 
an inch or more of nerve has been excised. In some eases 
there was a well-defined strand of union after a few days. This 
is especially the case when young and vigorous animals are 
employed. In two of Dr. Kennedy's cases, the patients wm 
in the prime of life (aged twenty-nine and thirty-seven re- 
spectively) ; the other two were children— aged six and sixteen 
respectively. 

The introduction of the new methods of Cajal has now 
furnished us with a method of tracking the growing axis 
cylinders with a certainty which was previously lacking; and 
Marinesco, availing himself of these methods, has shown that 
the lengthening of the regenerating fibres is demonstrable 
twenty-four hours after a nerve has been cut 

This concludes what I have to say on an important problem 
of what we may call applied physiology. In the present state 
of our knowledge it is impossible to avoid controversial 
questions. The proverbial disagreement between doctors is 
specially true of physiologists, and really this is only as it ought 
to be. Whilst knowledge is in the making there must be 
divergencies of opinion, and it is only by a full and free dis- 
cussion of these, and by the renewed research of which criticism 
is the stimulus, that any certainty in the way of truth can be 
arrived at 
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Br A. D. DARBISHttX^ 

Perhaps the most interesting, certainly the most sensational, 
chapter in the history of biology, when it comes to be written, 
will be that which deals with the discovery of Mendel's papers 
and with the fruit which that discovery has borne. We are 
already in possession of all the material for the former topic ; 
and the first instalment of the fruit which has already been 
harvested augurs well for the quality of what is to come. 

In i865i a man absolutely unknown to the biological world, 
Gregor Johann Mendel, read before a meeting of the Natural 
Histoiy Society of BrOnn a paper on his experiments with 
Peas, entitled " Experiments with Plant Hybrids." To-day no 
name is better known to biologists than that of Mendel And 
yet, when he died in 1884, he was as obscure as when he read 
his £unou8 paper. Indeed, it was not until sixteen years after 
his death that Mendel suddenly burst from obscurity into fame. 

In 1900 Mendel's experiments with Peas were repeated, and 
his results confirmed, independently by De Vries in Amsterdam, 
Correns in Leipzig, and Tschermak in Vienna. This spark — 
the discovery of Mendel's paper— has been responsible for the 
generation of an enormous amount of energy, which has mani- 
fested itself ever since in a continually smouldering train of 
in\ r^tip:r!tion ; and on one OF two occasions in explosions of 
controversial violence. 

We must now make it our business to become familiar with the 
facts which Mendel discovered, and with the interpretation which 
he put upon them. Mendel found that varieties of the culinary 
pea, Pisum sativum, could be classified according to a number 
of constant, true-breeding characteristics, such as the form of 
the plant, whether normal (i.e. tall) or dwarf ; or such as the 
colour of the cotyledons of the seeds, whether yellow or green ; 
and so forth. 

Mendel crossed a TaU with a Dwarf. The resulting hybrid 
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was invariably a TaU. Tallness, therefore, he called the dommani 

character and dwarfhess the rwessive. 

These hybrids were allowed to self-fertilise (the normal 
process in Pisum), and seeds gathered from them grave, when 
g^rown, 1064 plants, of which 787 were tall and 277 dwarf; that 
is to say, the hybrid Tails produced Tails and Dwarfs in the 
proportion of 2 84 to i, or roughly 3 to i. 

The seeds of these plants were sown, and it was found 
that all the Dwarfs bred true, whilst of tvery three Tails, one 
produced only Talis, the other two giving rise to Tails and 
Dwarfs in the proportion 3 to i. The foregoing account may 
be summarised in the following diagram: 

(Pure) TaU (Pure) Dwarf 




I (Fine) TaU a (Hybrid) TaUs i (Pure) Dwarf 

Let ns now look at the three kinds of Peas which compose 
the generation in which Pure Tails, Hybrid Tails, and Pure 
Dwarfs appear in the proportion 1:2:1. We already know 
that all the Dwarfs breed true, that a third of the Tails breed 
true, whilst the rest of the Tails produce Tails and Dwarfs 
in the proportion 3 to i. This proportion— 3 to i — is made 
up in the same way as the same proportion in the preceding 
generation — namely, i Pure Tall ; 2 Hybrid Talis ; and i Pure 
Dwarf. All these Dwarfs breed true ; all the Pure Tails breed 
true ; and the Hybrid Talis produce Tails and Dwarfs in the 
proportion 3 to I. And so on. 

There are two sets of symbols which are very convenient 
in describing these phenomena. 

The first set describes the different kinds of individuals , 
the second the generations. D denotes the dominant form (in 
the case we have been discussing, the TaU), R the recessive 
(the Dwarf), and DR the hybrid 

P denotes the parental generation ; Fi, the result of crossmg 
the two parent fonns-^in our case, the Hybrid Tall; Fa denotes 
the next generation, ig, that in which the dwarfe reappear in 
the proportion 25 per cent 
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We may now summarise the Mendelian phenomenon in 
the foliowing diagram; 

P D z R 



Fi DR 




What is the cause of this beautifully r^^ular and definite 
phenomenon ? Mendel answered the question in this Ingenious 
way. He believed that the germ-ceU of the hybrid pea did 
not represent a mixture of tallness and dwarfness, but that a 
germ-cell represented tiiktr a tall or a dwarf, and, moreover, 
that half of the germ-^ells represented tall and half of them 
dwarfs. Let us see what is the result of the union of— say — 
a hundred male germ-cells, or pollen-cells, with a hundred 
female s^erm-cells, or egg-cells. Before we proceed, let us make 
certam of two points wliuh arc essential to the argument 
Mendel believed that a pure breeding tall pea contamed only 
tall-reprt scnting germ-cells — in fact, that the reason that it 
bred true was that it did contain them ; and that the dwarf 
contained only dwarf-representing germ-cells. Mendel had 
also found that the result of a union between a " tall " germ- 
cell and a "dwarf" one was a hybrid which bore the tail 
character. Now let us return to our argument 

Fifty of the hundred pollen-ctlis would be "tall," and fifty 
■"dwarl" Let us consider the tails" first As half of the 
eggs-cells are <*tair and half ''dwarf,** the ''tall" pollen-ceU 
has an equal chance of meeting a "tall" and a "dwarf" egg- 
cell So that twenty-five of the "tall " pollen-cells would meet 
"tall" es^-ceUs» and twenty^ would meet "dwarf" ones; 
and the resulting unions would be (writing T for Tall, and 
D for Pwarl): 

asTT 
25 TD 
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Similarly twenty-five of the fifty "dwarf" eggs-cells would meet 
tails " and twenty-five *^ dwarfis," or briefly : 

25 DT 
25 DD 

The total result therefore is : 

25 TT 
25 TD 
25 DT 
25 DD 

Now we alrendy know that the result of the union of a " tall" 
with a "dwarf " germ-cell is a hybrid which is tall, and Mendel 
found that it made no difference whether the tall character 
was carried by the male parent and the dwarf by the female, 
or vice versa. So that the above result can be written : 

25 TT (Pure Talis) 

50 T D (or D T) (Hybrid Talis) 

?5 D D (Pure Dwarfs) 

The result of the random union of two sets of germ-cells, 
each set consisting of 50 per cent of germ-cells bearing the 
Recessive and of 50 per cent, bearing the Dominant character, 
can be admirably illustrated by drawing one counter at random 
firom a hat containing fifty Red and fifty White counters, and 
another from another hat with similar contents, and by placing 
the three kinds of pairs in three separate rows on the table, 
according as whether they are R W, R R, or W W. The larger 
the number of trials j'^ou make the closer will the approxi- 
mation to the proportion of 25 R R, 50 R W, 25 W W be. 
Counters ;irc worse than marbles for illustrating this, by 
reason of Uie difficulty of thoroughly shuffling them. But 
they are better than them, because the phenomenon of domi- 
nance and the proportion 3 : i can be illustrated with them, 
the former by merely making it a rule to put the red counter 
on the top of the white when a red and a white are drawn 
together, the latter by superposing the upper counter m every 
pair so carefully that the lower one is invisible. If this is done 
efiecdvely there will be seen, at any rate from a slight distance, 
to be 75 per cent red counters and 25 per cent, white. But 
if you jog the table the difference betwe^ the previously 
apparently identical reds will be revealed It is also very 
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easy to illiibUaLc subsequent results with the counters. The 
result of mating the hybrids in F2 can be illustrated in exactly 
the same way as that of mating the Fi hybrids. And it is 
readily seen that it is no more possible to get anything but 
Dwarfs from the Dwarfs in F2 than it is pmible to get any- 
thing but pairs of white counters by drawing from two hats 
each containing nothing but white ones» and that it is no more 
possible to get anything but Tails from those Talls» i> the 
pure ones, which resulted from the union of like gametes than 
to get anything but pairs of reds from drawings from two hats 
containing only reds. 

The animal or plant resulting from the union of two germ- 
cells or gametes — and all animals and plants which reproduce 
sexually result from such a union^is called a s^po^; that 
resulting 'from the union of like gam^es or germ<ells is 
called a homozygoU; that from the union of unlike gametes 
a heierozygote. 

The heterozygote in the case which we have been con- 
sidering as an example was only distinguishable from the 
dominant homozygote by the fact that when allowed to self- 
fertilise it produced Dwarfs as well as Tails. But sometimes 
the result of crossing two pure strains is different from either 
of them — that is to say, the heterozygote has a character 
peculiar to itself. This makes it possible to distinguish between 
the heterozygotes and the dominant homozygotes in F2 yliier- 
wise ihan by breeding from them. 

The phenomenon may be illustrated by the famous case 
of the Andalusian fowl. If you buy a pair of these bfrds from 
the very best source you will find that they will not breed 
truei but that they will produce besides the Andalusians 
blacks and splashed whites, and that on the average these 
three forms will be produced in the proportion i blade, 3 Anda- 
lusians, I splashed white. If you were not acquainted with 
Mendelian phenomena, but were guided by the principles of 
heredity which were universally held in pre-Mendelian days 
(and are still by those who are not MendeliansX you would 
sell the blacks and whites for eating and breed from the 
Andalusians, in the belief that, as they at least, to your own 
personal knowledge, had an Andalusian father and mother, 
they w^ould be more likely to breed true than a pnir of Anda- 
lusians of unknown and, as you would expect from the result 
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of mating them, of mixed parentage. Your anticipation would 
not be fulfilled. Your Andalusians would again produce 
blacks, Andalusians, and splashed whiles in the proportion 
1:2:1. But if you were acquainted with Mendelian phenomena 
you would immediately suspect that the Andalusian was a 
«heterozygote form, and that the two homozygote forms whkh 
by tk>»eir union gave rise to it were the blacks and the splashed 
whites. This is indeed the case. Mate the black with the 
splashed wum^, and you get nothing but Andalusians. The 
obvious platt» tberto»c>re, instead of selling the blacks and whites 
to the poulterer and kee|ii^||r the Andilusians to breed firom» 
and then only getting 50 per cenu of what you want, is to sell 
the Andalusians to fanciers, keep tn%. blacks and whites* and 
get 100 per cent of Andalusians by cnassing them, making 
occasional matings of Andalusians to keep ^ the supply of 
blacks and whites. 

This case is summarised in the following diagr^^: 

Black Spbshed while 



Andalusian 




I BlAck « AndaUwiani i Splashed wbtt^ 

Let us now return to the Peas. We have referred ^'^ detail 
to only one pair of characters, namely, Tall and Dwarf. : Mendel 
dealt with six other pairs of characters, namely : ' 

1. The shape of the ripe seeds, which was either it>und or 

wrinkled. 

2. The colour of the ripe cotyledons in the see<| which 

were dther yellow or green. 

3. The colour of the seed-coat, which was either i^hite or 

grey (with or without purple spots). 

4. The texture of the ripe pods, which was either hard and 

inflated or soft and constricted between the seeds. 

5. The colour of the unripe pods, which was either green or 

yellow. 

d The arrangement of the flowers on the stem. Tlje flowers 
either crime off normally at the nodes along the stem, 
or they were situate m a bunch at the top of the Stem ; 
this latter is the so-called Mummy habit 
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The two members of each of these pairs of character stand 
to one another in the relation of dominant and recessive. In 
''f the above list the dominant member of each pair is written 

first The two characters which form such a pair are called 
aiUhmoifhs; and green is said to be allelomorphic to—ie. forms 
the other member of a pair with— yellow. Similarly yellow is 
allelomorphic to green. 

We have so far, in considering the results of crossing an 
animal or a plant, paid attention only to a single pair of 
allelomorphs, tall and dwarf, black and splashed white. We 
must now ask ourselves, What is the relation between character 
belonging to different allelomorphic pairs ? And the are^wer, 
broadly speaking, is that in the case of some characters there 
is no relation, whilst in the case of others there is ; or, to amplify 
the answer, in the case of some characters the members of distinct 
allelomorphic pairs exercise a very definite effect on one another, 
whilst in the case of others they are entirely independent of 
one another. We will deal with the latter case first, because 
I it is simpler. 

What the result of mating a green round with a yellow 
wrinkled pea will be, can be answered by reference to the table 
of characteristics on p. 434, in which (it will be remembered) the 
dominant member of a pair is written first. The result will be 
a yellow round one. What the result of allowing these to self- 
fertilise will be can be predicted from the result of making 
drawings of two counters from each of two hats, which con- 
tain equal numbers of green and yellow, red and white 
counters. 

The number and nature of the possible combinations is given 
by the number and contents of the squares in the Table on p. 436. 

Y and G stand both for yellow and green counters and 
"yellow" and "green" germ-cells; R and W stand both for 
red and white counters and " round " and " wrinkled " germ- 
cells. The four pairs of letters along the top of the table 

J represent the four kinds of male gametes ; the pair^ alonc^ the 

side the four kinds of female ones; the squares repustnt 
zygotes. Let us consider the results of their union, beginning 

* at the top left-hand square. (In the following account Y is to 

be read as yellow, G as green, R as round, and W as wrinkled.) 
Here we have to do with union between two Y R gametes. 
The result is a pure Y R zygote, in the square to the right of 
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it, it is a case of a union between a Y R egg-cell and a Y W 
pollen-cell ; the result is a Y R zygote, which is a homozygote 
regards colour and a heterozygote as regards shape. In the 
next square to the right a Y R gamete meets a G R gamete ; 
the result is again a Y R zygote, which differs from the last in 
that it is homozygote as regards shape and hcterozygote as 
regards ( rtlour. in the last square on the top line a Y R gamrte 
meets a G W one ; the result is a Y R which difTcrs from any 
of the preceding ones by being heterozygote both as regards 





YR, 


vw 


9R 






YR 


YR 


YK 


YR 


YW 


m 


YW 


YR 


YW 




YR 


YR 


QR 


<^ 




YR 


YW 


QR 





colour and shape. And so on throughout the table. The 
nature of the sixteen jxissible kinds of unions of gametes is 
written in small letters in the sixteen square s of the table. 
The characters of the resulting zygotes are written in large 
letters. When this explanation is being illustrated with 
counters, llie nature of the zygote in each case is given by 
making it a rule always to put a yellow on the top of a green 
counter and a red on the top of a white. 

The result therefore of allowing our Y R hybrid (produced 
hy Y W and G R) to self-fertilise should be : 

9 Yellow round (squares i, a, 3, 4, 5, 7, 9» 10^ and 13). 

3 Yellow wrinkled (squares 6, 8, and 14). 
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3 Green round (squares ii, 12, and 15). 

5 Green wrinkled (square 16). 
Or, briefly, pYR^sYW, 3GR,iGWm every sixteen peas. 

Of the 9 YR, only i (square i) is homozygous in both 
respects, and should produce only Y Rs. Two Y Rs are homo- 
zygous; in colour only, but hctcroz^^gous in shape (viz. squares 

2 and 5) ; they should produce only yellow, but both " Rounds " 
and " Wrinkleds." Two Y Rs are ^lomozygous in shape, but 
heterozygous in colour (viz. squares 3 and 9); they should 
produce only rouiK's, but both "Yellows" and "Greens" The 
remaining 4 (squares 4, 7, 10, and 13) are heterozygous both in 
colour and in shape, and should produce all 4 kinds — Y R, Y W, 
G R, and G W. 

On the 3 YW, i (square 6) is homozygous in both shape 
and colour, whilst the remaining 2 (squares 8 and 14) are homo- 
zygous in shape only. Similarly with the 3 G Rs, that in 
square 11 is homozygous in both respects, the other 2 (squares 
12 and 15) being homozygous in colour only. It will, of course, 
be noted that the character in respect of which all the 3 Y Ws 
and all the 3 GRs are homozygous is a recessive one— namely* 
wrinkledness in Y W and greenness in G R. 

There is only i G W zygote which, shaoe both its characters 
are recessive, is therefore homozygous in both respects. 

A very close approximation to the result 9 YR, 3 YW, 

3 GR, I GW has been obtained in experiments by Mendel, 
Bateson, Hurst, and mysell And the various types of YR» 
YW, and G R have also been recognised. 

Another point of view from which the proportion 9:3:3:1 
may be regarded is from that of the zygotes solely. If we have 
a generation which displays the two characters of one pair Y 
and G in the proportion 3 Y to i G in every 4, and the two 
characters of another pair R and W in the proportion 3 R to 
I W in every 4, and if we further suppose that the two pairs are 
independent of one another, we should expect that in every 16 
(= 4 X 4), 9 (= 3 X 3) would be Y and R, 3 (= 3 x i) Y and W, 
3 (= 3 X i) G and R, and 1 (= 1 x i) G and W. And we find 
that this is so, which shows that the two pairs are independent 
of one another. 

Having become familiar with the signification of the 9:3:3:1 
proportion, let us proceed to the discussion of other results 
which can only be interpreted in the light of it We need not 
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leave the Pea for illustration. If we ask a corn-dealer for a 
pennyworth of Maple or Partridge Peas, he will give us a kind 
of pea the seed-coat of which at first glance appears a uniform 
brown, but on closer inspection is seen to have n ground-colour 
of a pale brown, on which is a very beautiful mottling, consisting 
of anastomosing tracts of a rich brown colour. This type of 
coloration is called mapling. Another type of coloration is that 
which is often seen on (though it is not necessarily associated 
with) tilt; liind of pea which is much grown and eaten on the 
Continent, and is known as the Sugar Pea. In this type of 
coloration there are minute spots (discernible by the naked eye) 
of slightly var3'ing sizes and of a rich purple colour 011 a 
greenish grey background. Ihe lormcr type will be rcleried 
to as "maple" and the latter as "purple spot." 

When a pea with a maple seed-coat is crossed with one with 
a ptirple spotted coat, the result is a pea on whose seed-<:oat 
both mapling and purple spots exist Tids suggests that maple 
and purple-spot are Inot allelomorphic to one another, but 
belong to separate pairs which are supposed to be maple (M) 
and not-maple (nMX and purple spot (P) and not-purple spot 
(nP)L This sounds very much lilce a logical exercise, a matter 
of words and not of things. But the reality of it is shown by 
breeding firom the hybrids; for by doing this we actually get 
peas, which we can touch and see, which exhibit neither mapling 
nor purple spotting. We get, in fact, the following four types 
of peas in the proportions given by the numbers which precede 
them: 

9 M P, 3 M, 3 P, 1 grey. 
If we write this in a form analogous to— 

9YR, 3YW,3GR.GW— 
we should have : 

9 MP, 3 MnP, 5 PnM, i nPnM. 

The nP nM is grey because all these colours are on a back- 
ground of pale grey. This proportion shows that we are dealing 
with two independent pairs of characters, viz. : 

1. Maple and not-maple. 

2. Purple spot and not-purple spot 

Now we come to those cases in which one of the characters 
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of a pair of allelomorphs is not independent of a character in 
another pair. 

We will cross a pea with a pale grey seed-coat, such as that 
which formed the background for the purple and the maple 
(many field peas exhibit no more than this grey colour), with 
a pea with no colour at all in its seed-coat, as is the case in a 
great number of the peas grown for the table. The result is a grey- 
seeded pea on which there are purple spots, which existed in neither 
parent. Heretofore this would have been labelled as an example 
of reversion and the matter would have been regarded as settled, 
or at any rate done with. But to call a thing reversion does not 
make one any wiser about it Mendelism has provided a reason- 
able explanation of reversion in this case. Let us see how. The 
result of breeding from these g^ey-coated purple-spotted hybrids 
provided the due. There were produced .9 grey with purple 
spots, 3 grey, and 4 white. 

What does this mean ? The 9:3:3:1 proportion suggests 
an explanation. It is supposed that here, as in the case of the 
cross between the maple and the purple spot, we are dealing 
with two pairs of allelomorphs, namely, (i) grey (G), and not- 
grey (nGX and (2) purple spot (P) and not-purple spot (nP). 
The grey pea exhibits the dominant grey character (G) of that 
pair. The white pea possesses — and here we come to the case of 
the interdependence of characters in separate pairs — the dominant 
purple spottmg (?) of that pair ; but the purple spotting is not 
exhtlnted because one of its properties is that it cannot be manifested 
unless associated ivith the grey coat. Bearing this theory in mind, 
let us write the 9:3:3:1 scheme for the two pair of allelomorphs 
G and nG, P and nP. It will be : 

9GP, 3 GnP, 3 PnG, i nP nG. 

But we see that in the 3 P nG the purple spot is there, but the 
grey coat is not. Therefore ex hypolhcsL it will not be manifested 
and these three seeds will appear white, which gives the propor- 
tion 9 grey with purple spots, 3 grey and 4 white. 

The possession by the hylnrid ii a character which neither 
of its parents possesses is accounted for by supposing that that 
character (in this case purple spotting) depends for its manifesta- 
tion on two factors (in this case P and G), one of which exists in 
one parent and the other in the oth^. This Mendelian hypothesis 
therefore enables us to account for the reversion and for the 
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otherwise meaningless proportion 9 : 3 : 4 ; or perhaps we should 
not say more than that the facts are consistent with the truth 
of this theory. 

We will now pass from the culinary to the sweet pea, and 
describe iiateson's beautiful experiment. One of the countless 
varieties of the sweet pea grown to-day, Lmily Henderson, a 
pure white,' is remarkable for the fact that, whereas the pollen 
grains of most other varieties are cylindrical with almost parallel 
sidesi some plants of it have this ordinary '* long " pollen whilst 
others have vr^gttlarfy round poUm. The irregularity is never 
so much pronounced that the round poUen can for a moment be 
mistaken for the long. It may help those familiar with peas and 
beans to say that the contour of the round pollen is never more 
irregular than that of the most irregular wrinkled peas, whilst 
that of the long pollen may be compared to a stout example of 
the dwarf bean Non Plus Ultra Bateson crossed the long- 
pollened form of Emily Henderson with the short The result 
was a sweet pea of a deep purple colimr. The purple of the 
standard, the single outer erect petal, was of a redder shade than 
that of the wings, the two petals just below the standard. This 
sweet pea is known in the fancy as Purple Invincible, but is seen 
more often now in cottage gardens than in up-to-date collections. 
Its type of coloration is that of the orii^mal s^\ cot pea as first 
brought into cultivation. The wild Laihyrus odoraius — of the 
Purple Invincible type — is comniun in Sicily. Here then is an 
extraordinary case of reversiuii. Two pure white sweet peas 
differing merely in the shape of their pollen are crossed, and 
a hybrid witli the coloration of the ancestor of all cultivated 
sweet peas Llic j cbulL. When these hybrids are allowed to 
self-fertilise, there results in F2 a variety of forms already weU 
known to the fancy. These are: Purple Invincible again, 
Piootee, Painted Lady, and Tinged White and pure whites. 
Passing over the proportions in which the various coloured 
forms appear, there are found to be 9 coloured to 7 white. 

Now, the 9 : 3 : 4 proportion in the culinary pea su^^jested 
the existence of two pairs of characters, one of which— ^e purple 
spot-> could not be manifested in the absence of the other, the 
grey coat ; though the grey coat could be manifested in the 
absence of the purple spot The 9 : f is accounted for by sup- 
posing that colour in the sweet pea depends for its existence 
upon the simultaneous presence of two fsurtors of distinct 
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allelomorphic pairs, neither of tvhich can be manifested in the 
absence of the other. These factors have been called C and R, 
their absences c and r respectively. If we write the familiar 
9:5:3:1 scheme again, we get 

9 C R, 3 cR, 3 Cr, 1 cr. 

Only in the 9 C R are both C and R present; in the 3 cR and the 
3 Cr only one of them is present, whilst in the i or neither of 
them is. So that only the 9 are coloured and the remainder are 
all white. 

The actual proportion oi [iuiples and reds and whites in 
F2 in this instance is 27 purple, 9 red, 28 white (= 36 coloured 
to 28 whitei i.e. 9 coloured to 7 white). The existence and 
proportions of these reds are accounted for by calling in a new 
pair of allelomorphs, B and b. As already stated, colour is due 
to the meeting of C with R; if B is absent the colour is red, 
if present il is purple. But we will not deal further with 
this now. 

Having now seen how these complicated cases of s^egation, 
together with two instances of reversion, have been elucidated 
by MendeHan analysis, let us turn to other groups of the animal 
and vegetable kingdoms, and see what other characters have been 
dealt with in this way. 

Except for the pair of allelomorphs with which we illustrated 
the simple Mendelian phenomenon, and for the very super- 
ficial rrfcrence to roundness and wrinkledness in peas, all 
the characters we hav^e dealt with so far have been colour 
characters. But Mendelian inheritance is by no means confined 
to colour characters, as we shall shortly see. Perhaps one of 
the most striking instances of this is that studied by von Guaita, 
Weldon, and myseil, the waltzing habit in mice. The waltzing^ 
habit characterises a race of mice known as Japanese waltzing 
mice, which liave pink eyes and small patches of fawn on the 
shoulders and rump. A waltzing mouse does not always waltz, 
but can always be distinguished immediately from a normal 
mouse. The waltzing itself consists in merely spinning round 
and round very swiftly in one spot on all-fours. It is not in 
the least like waltzing. It is simply running round in a circle 
sometimes at a very great pace for several minutes at a timet 
so that all that you can see is a sort of nebulous ring of mouse. 
They do not always go round in the same direeti0n,but sometimes 
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in a right-handed direction, sometimes in a left. But when it is 
not waltzing, a waltzing mouse i?? inimediately recognisable by 
the appearance of ( oniplete lack of control over the movements 
of its head, which is every now and again thrown back into an 
apparently very uncomfortable and useless attitude. A waltzing 
mouse also has the habit of running or rather shuffling backwards, 
waving his head vigorously from side to side the while. This 
mouse is said to have come originally from Japan. They 
certainly exist there now, but I have not been able to obtain 
any alive from that country. The depth of the ignorance of 
the general public concerning the simplest facts of heredity is 
shown by the that the following story of the origin of the 
waltzing mouse has been printed in a daily paper and, pre- 
sumably, believed. ''A mouse fancier once caught the head of 
one of his pets in the door of his cage. The mouse nearly 
died, but on recovery exhibited the waltzing movements now 
so familiar. Wishing to perpetuate the curiosity, the owner 
of the mouse carefully preserved and bred from the anomaly, 
and so originated the breed of waltzing mice ! ** What actually 
happened was probably that the feature arose as a sport which 
was carefully preserved nnd bred from. Waltzing is, in fact, 
a very good example ot the kind of character that can arise 
in a tame breed, and be preserved because it tickles the fancy 
of man. Nature does not tolerate curiosities of this kmd for 
a moment, and pi oinpily eliminates them. The abnormality is 
due, not, as was originally believed, to the absence or atrophy 
of one of the semicircular canals, which have been demonstrated 
to be all there, but to a deficiency in their nerve supply. The 
waltzing is a constant character of the race; the children of 
waltzing mice mated together being all waltzers. 

When such a waltzing mouse is mated with a normal mouse 
-—with an ordinary white mousey for example— the hybrid 
obtained is always normai, like the white mouse. Waltzing, 
therefore, is recessive^ in the Mendeliaa sense, to normality 
of progression. In Fa we should expect the waltzing to 
reappear in the proportion of 25 per cent of the whole 
fraternity. Reappear it certainly does, but not quite in the 
proportion expected. The number of waltzers, indeed, falls 
below 30 per cent., in the many hundreds of Fs mice which 
I have raised. I do not think that this deficiency Is due to 
any complication of the process of segregation In the genn'K:eUs, 
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but believe it is merely due to the greater mortality which almost 
certainly takes place among waltzing individuals than among 
normal ones between the time when they are bom and the 
age^from ten days to two weeks — when the characters of the 
mice are first registered. Waltzers are much more delicate than 
normal mice; and it is likely that this delicacy is more fatal in 
youth (perhaps even before birth) than in middle age. 

The mice afford an excellent example of reversion. The 
Japanese waltzing: mouse is almost an albino, and would be 
were it not for the patches of fawn-coloured fur on the 
shoulders and haunches. It has pink eyes. It was crossed 
with an albino mouse. The result, where the albino used 
was a pure-bred one, was a mouse hardly distinguisliable at 
first sight from the common house mouse. A closer inspection 
reveals the lighter colour of the belly. Their eyes are jet 
black. And ihis is the most remarkable kature of the cross 
— the production of a black-eyed form from two parent forms 
both of which had pink eyes. These hybrids are not merely 
wild in tiieir colorat!<my but are always noticeably healthier, 
stronger, and wilder than their albino parent, and infinitely 
more so than their waltzing parent. As already stated, they 
never waltz. When they are mated tc^ther they produce a 
generation which is composed of the three colour categories 
we have just mentioned in the proportions indicated by the 
percentages prefixed to them — viz. 25 per cent, pink eye and 
coloured coat (that of the Japanese waltzer), 50 per cent dark 
eye and coloured coat (that of the hybrid), and 2$ per cent 
pink eye and colourless coat (t.e, complete absence of pigment 
or albinism.) The distribution of waltzing over these various 
colour categories is interesting. It is distributed, as it were^ 
at random — that is to say, the waltzing character is not 
necessarily associated with that colour category with which 
it was associated in the pure waltzer, but may be associated 
with any of the three colour categories. So that we get in' 
F2, besides waltzers coloured like their pure grandparents, 
waltzers with the black e3'es and the grey coat of the house 
mouse, and albino waltzers. It may be noted in passing that 
these albino waltzers correspond to the green wrinkled peas 
we have already discussed — that is to say, they represent 
the association in ¥2 of the recessive character of one parent 
with the recessive character of the other parent inonemdividual 
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which, since both characters it bears are recessive, may be counted 
on to breed tme. It does. 

Another illustration of a character other than colour is 
that which has been studied by Mr. R. H. Bifien. One of 
the most disastrous pestilences which affect the wheat is the 
fungoid pest known as Yellow Rust {PucehUa ghmarum}. 
Some varieties of wheat are more susceptible to it than others ; 
for example, the; variety Michigan Bronze is hardly ever free 
from it. Another variety grown by Mr. Biffen may be regarded 
as practically immune, for, although it was grown for four 
years in close proximity to the most rust-stricken varieties, 
it was not affected by the disease. This immune variety was 
crossed with Michigan Bronze. The hybrid'^; were all so 
badly affected by the disease that one could not hnd an area 
an eighth of an inch square unattacked by the inist. No 
difference in respect of their susceptibilit3^ to the disease 
could be discerned between the hybrid and Michigan Bronze. 
But the hybrid did differ from it by the fact that whereas 
the susceptible parent hardly set a grain, the hybrid gave a 
moderate crop. 

" Every available grain was sown in plots alongside the 
parent varieties, part on land which had been exhausted on 
a previous crop of wheat, and part on land which had carried 
a crop of clover the previous season and consequently was in 
high condition. The difference in cultivation, however, made 
no difference in the results of the experiment The rust was 
late in appearing that season, but again every plant of the 
susceptible parent was stricken, and all of the immune type 
escaped entirely. The hybrid plots were badly attacked, and 
when the epidemic seemed to be well advanced, the plants were 
sorted into two groups — namely, those which were attacked, 
and those showing no signs of the disease even on the withering 
basal leaves. On some plots the diseased plants were cut 
out, leaving those free from infection for a subsequent 
examination. A few individuals, which bad escaped the attack 
at the early stage, became infected later, and these were then 
added to the total of susceptible plants. The statistics showed 
that 1,609 diseased plants were present and 523 immune, or a 
ratio of yoyii. There cannot, 1 believe, hv any question 
that these latter were really immune, for tbcy were surrounded 
by piants covered in rust, whose leaves were continually 
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rubbing against them. Further, if a variety is siisceptlblei no 
plant of it under field conditions ever appears to escape."^ 

Mr. Biffen concludes with the following remark : " Of the 
problems this opens up to the pathologist, nothing need be said 
here : for the present we are concerned with plant improvement^ 
and it need only be noted that, according to the report of the 
International Phytological Bureau in 1890, the attacks of rust 
cost Germany some ;^2o,ooo,ooo sterling. Such figures give one 
some idea of the stakes the plant-breeder can now play for, and, 
thanks to the work of Mendel, with the reasonable certainty of 
winning." 

But it is not merely by the discovery of facts of this kind 
that Mendelism is of service to the breeder of animals and plants. 

Mendel and his followers have already put into the hands of 
breeders general principles of the greatest value. For example, 
those whose business is to breed cattle or carnations, or whose 
hobby is to breed fancy mice or sweet peas, and strive to 
improve their strains by crossing, are likely to be disappointed 
if they expect anything new in their first crosses. What could 
be more discouraging than to obtain a house mouse by crossing 
the delicate little waltzing mouse with the albino ? And yet I 
have raised an entirely new colour — lilac, as it is called — by 
mating these hybrids together. Similarly in sweet peas the 
production of the original wild type of that flower by crossing 
two of the most beautiful modem strains would not tempt one to 
repeat the experiment. Mendelian principles drive home the 
lesson that we must expect nothing in the way of novelty from 
the first generation, and that it is on the next one that we must 
concentrate our attention. 

Another extremely valuable instrument which Mendel has 
put into the hand of the breeder is the power of effecting the 
combination in one strain of desirable characters existing in 
separate strains, with great swiftness and precision. If the two 
characters we wish to combine are recessive ones, our task is an 
easy one, for we can effect their association in i mdividual in 
every 1 6 in the F2 generation. If, however, it is a dominant one, 
we have to wait till the following generation in order to deter- 
mine which of the individuals bearing- the dominant character 
are heterozygotes and which homozygotes. 

' Royal HottknltiiiBl Society, Third Intematioiial COnfereiiM on Genotic*, 

p. 376. 
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But we neeci not multiply instances. U must be su£5ciently 
evident that the value of the tool which has been put into the 
hand of the breeder of animals and plants is such as can hardly 
yet be estimated. 

Having now given examples of some of the more salient 
hereditary phenomena with which the Mendelian has been 
able to deal, and having made a brief reference to the 
economical importance of by-products of Mendelian investi- 
gation, we must resume the thread of the story and see 
whither it leads. 

The culmination of Mendelian speculation is reached in the 
suggestion— for it is no more than that at pre-^ent — that the in- 
heritance of sex is Mendelian ; that " male " and " female " repre- 
sent two allelomorphs of a pair, like yellowness and greenness 
in peas. Sex certainly is a character which is inherited 
alternntively — that is to say, in organisms in which bi-scxunl 
reproduction is the rule, an individual exhibits either ilie 
character of one parent or that of the other, but never a 
mixture of the two. It is a male or a female. But there is 
one profound difference between the hereditary relationship 
of the two characters, male and female, and the two characters, 
yellow and green ; in the latter, one character (yellow) is always 
dominant over the other (green), in the former tliis is manifestly 
not the case. Let us see how the matter is dealt with by Castle, 
who was the first to formulate definitely the theory of the 
Mendelian inheritance of sex in a paper entitled " The Heredity 
of Sex." ^ He supposes that half of the germ-cells of every 
male individual contain the unit character " male,** and half the 
unit character ** female"; and that the germ-cells of females 
are similarly constituted. Now the result of the random 
union of a number of such spermatozoa and ova would be : 
25 per cent zygotes, 50 per cent $ and 35 per cent $ f . 
We see at once that all the homozygotes— the c?c?s and 
the ? ?s— if they mated with their like {i.e. $ ? with ? ?, or 
with 66) would be capable of producing members 0/ 
<m$ sex cnly. This difficulty is got over by saying that 
there is no reason to suppose that such sexually pure — 
i.e. homozygous — individuals exist ; and Prof Castle quotes 
cases which tend to show that m reality every organism, 
whether male or female, is potentially a hermaphrodite, and 
* Mm. Cw^. ZooL ^orsuni; voL No. 4. 
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possesses the characters of the opposite sex to that to which 
it belongs in a latent state. It is well known that the removal 
of the generative oigans of an animal often results in the 
appearance of the secondary sexual characters of the opposite 
sex; for example, the human eunuch has the high voice and 
the distribution of fatty tissue which is characteristic of the 
female. The most decisive case is perhaps that which is cited 
by Darwin, who relates that when the domestic cock is crossed 
with the hen pheasant, those of the offspring which happen to 
be males have the secoftdaty sexual characters of the male pheasant. 
There is abundant evidence over and above that cited by 
Prof. Castle for the truth of his contention that members of 
both sexes are potentially hermaphrodite. So high an authority 
a!^ Dr. Curt Herbst concludes, after an exhaustive scrutiny of 
a great mass of evidence, first, that the presence in a functional 
state of the generative organs of a particular sex are an indis- 
pensable condition for the elaboration of the secondary sexual 
( luiracters of that sex ; and, secondly, that the functional 
generative organ exercises a negative influence — preventing the 
appearance of the secondary sexual characters of the opposite sex} 

To return therefore to our argument, Pro£ Castle contends— 
and we have seen that his contention is supported by inde- 
pendent evidence— that the individuals of a normally bi-sexual 
species are not sexually pure, but potentially hermaphrodite. 
From this he concludes that the homozygous individuals $ % 
and do not exist He accounts for their non-existence by 
supposing that the unions between ova and spermatozoa 
bearing similar sexes are infertile. And be adduces evidence, 
other than the a priori considerations we have spoken of, for 
this view Only half the unions are fertile, namely, those 
between ova and spermatozoa bearing dissimilar sexes. And, 
in this way, only hetcrozygotes are produced which are 
capable of producing both sexes. F'urthermore, to account 
for the fact that half of these hetcrozygotes display the male 
and half the female primary and sexual characters, we have * 
to suppose that in the case of the allelomorphic pair "male** 
and "female," we have alternative dominance of either of the 
pair, as opposed to the fixed dumuiancc of one of the pair 
which obtanib m the ordinary Mendelian pairs. 

We have stated that it has been shown that the characters 

' Formathf* Rttu^ p. 76. 
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of one sez are latent in the opposite one. It is extremely 
important that this phrase latent" should not be miscon- 
strued. The manner in which the MendeUans picture this 

"latency" is to suppose that the members of both sexes are 
heterozygotes, half of whose germ-cells contain the male 
character and half the female character. They do not believe — 
and this is the essence of the Mendelian doctrine of gametic 
purity— that the germ-cell which produces a female contains 
maleness as well. Malen< ?s would only be admitted to be 
latent in a woman in the sense that greenness is latent in a 
cross between a green and a j^ellow pea. 

There is another sense in which the phrase latent is used 
which must not be misconstrued. When a grey-skinned was- 
crossed with a white-skinned pea, the hybrids, which were 
grey with purple spots, gave in F2 nine greys with purple 
spots, three greys, and lour whites, three of which, it will be 
remembered, were whites carrying purple spots, which was 
not manifested because the grey was absent Bateson protests 
against the statement that purple spot is latent in these whites. 
** Sulphate of copper," he says, "is blue and diloride of copper 
is green, but it would be improper to speak of blue as latent in 
sulphuric acid, or of green as latent in hydrochloric add." 
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STEREO-CHEMISTRY AND ITS APPLICA- 
TION TO PHYSIOLOGY 

By A. W. STEWART, J>JSc. 

When two substances contain equal numbers of similar atoms 
and yet shov; a difference in properties, they are said to be 
isoiHtnc. in the great majority of cases isomerism is due to 
a structural difference between the compounds in question — 
though they are made up of the same atoms, these atoms 
are differently linked together in the several substances. For 
example, ethyl alcohol and dimethyl ether are isomeric sub- 
stances, both having the formula CtH«0; in the alcohol the 
oxygen atom links together a carbon and a hydrogen atom, 
while in the other case it unites two carbon atoms: 
H H H H 

-H 

f I 11 
H H H H 

SAyl afcolioL Dtmetfi]^ etlier. 

This view sufficed for a time to explain nearly every case of 
isomerism known ; but as more and more £sicts were accumulated, 
it became evident that some examples of isomerism could not be 
dassed under this head ; for compounds were discovered whose 
structures were identicsal, while very considerable differences 
were found in their properties. Organic chemists were thus 
forced to seek some new explanation for these phenomena. 

It had been observed that several of these isomeric bodies 
had a peculiar influence on polarised light. It is well known 
that many crystalline compounds in the solid state will rotate 
the plane of polarisation of a polarised ray passed through the 
Giystal; but since quartz possesses this property only when 
crystalline and not when in a state of amorphous silica, it is 
evident that we are dealing in its case merely with the influence 
of cr^'^stalline structure. But if we take a crystal of natural 
tartaric ncid and dissolve it in water, so that it loses its crystal- 
line form, we find that in solution it still has an action on the 
plane ol polarisation. Similarly, camphor when fused does not 
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lose its power of rotating the plane of polarisation, though it has 
lost its crystalline character. In the case of these substances, 
therefore, the influence exerted on the plane of polarisation is 
not due to the same cause as the rotatory power of the quartz 

crystal ; it is rather to be sought within the molecule itself. 

It has been found that these opHcally active substances exist 
in two forms, one of which rotates the plane of polarisation to 
the right, while the other isomer rotates it through an equal 
angle to the left. This has led to the adoption of the current 
nomenclature, wherein the name of the right-rotating substance 
has the prefix dcxtro attached to it, while the left-rotating variety 
is termed the Icevo isomer. Thus we speak of dcxtro camphor 
and laevo camphor, or simply ^/-camphor and /-camphor. Now, 
obviously, if we mix equal quantities of the dextro and Isevo 
isomer together, the resulting mixture will have no influence 
upon the plane of polarisation ; for the action of the right- 
rotating substance will be counteracted by the equal and 
opposite effect of the left-rotating body, and the mixture will 
be inactive by exkrnal compensation. Under certain conditions 
it is found that the dextro and laevo molecules combine together 
to form an actual inactive compound, which is termed a racemic 
substance (usually abbreviated to r or dl). The dextro and laevo 
bodies are usually referred to as opHcal ani^odes. 

The first successful step in the study of these substances was 
made by Pasteur^ in 1860^ when be took up the question of the 
tartaric adds. He was able to show how to isolate the dextro 
and laevo forms from the racemic compound, discovering no 
fewer than three separate methods of attaining this object. He 
showed, further, that while racemic tartaric acid oystallizes 
in holohedral form, the dextro and laevo isomers show hemi- 
hedrism, the dextro crystal being the mirror image of the laevo 
crystaL A consideration of the general properties of the three 
substances led Pasteur to the conclusion that in the dextro and 
laevo forms the atoms might be grouped in spirals or situated at 
the corners of a tetrahedron. He was unable, in the elementary 
state of structural chemistry at that time, to do more than put 
this forward as a conjecture, and it remained for two later 
investigators to reap the credit of establishing the correctness 
of this view. 

' Pasteur, Recherc/us sur ia dissymmdiriif moldatkdr* da preduiU wgan^uu 
makinlSi Pans (i860). 
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Pasteur believed that the optical activity of the tartaric acids 
was undoubtedly due to an asymmetric ai langement of which 
the right-handed form was the mirror image of the left-handed 
variety, just as a lelt-haiided glove la a mirror image of a right- 
handed one. Thirteen years later, in 1873, Wislicenus ' proved 
that active and Inactive lactic acids had identical structures; 
and in his examination of the question, added, " The facts force 
us to explain the difference between isomeric molecules of 
similar structure by a different arrangement of atoms in space." 

These suggestions did not lie dormant for any length of time, 
for in 1874 Le Bel* and van't Hoff ' simultaneously and inde- 
pendently published papers in which the foundations of modem 
stereo-chemistry were laid. 

Le Bel and van't Hoff pointed out that in every case where 
optical activity had been observed in a compound, the substance 
In question contained at least one asymmetric carbon atom, i.e. 
an atom whose four valencies are attached to four different 
radicles. Examples of this are found in lactic acid (i), leucine 
(ii), malic acid (iii), and amyl alcohol (iv), represented in the 
formulae below, in each of which the asymmetric atom lies m 
the centre of the %ure : 

CH, C«H» CH^OOH CH, 

H-i-COOH H-i-COOH H-ci-COOH H-C-CH,OH 

I ! • 1 I 

(I) OH (U) NH, (III) OH (IV) CH« 

In ihc literature of that time, some cases were recorded which 
conflicted with this view, but later work has proved them to be 
due to faulty observation, and the Le Bel-van't Hoflf theory has 
been completely established. 

Now, when we examine the problem in the light of this 
evidence, we find that it is at once simplified. We need only 
recur to Pasteur's view that atoms in optically active compounds 
are situated at the comers of a tetrahedron, and the matter 
becomes dear. Let us suppose that the asymmetric carbon 
atom is situated at the centre of a tetrahedon, and that the four 
groups attached to it lie at the tetrahedron's comers. In the 

* Wislicenus, Annalcn tier Clmn.^ 167, 343 (1S73). 

* Le Bel, BnlL Soc. cfUm., [2], 33, 377 (1874). 

* Tan't \io% VoontUi M mUMdia^ dtr Hntettuir^gmidtt Ai it 
Utiecht (1874). 
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case of lactic acid, we shall find that two arrangements are 
possible, each being the mirror image of the other: 




The two arrangements arc unsupcrposable, being related to one 
another as a man's right hand is to his left. Compounds which 
owe their difference to an arrangement of atoms in space are said 
to be skreo4someric. 

We must now consider the effect of introdiu ing a second 
asyiniiietric carbon atom into the molecule. This was lirst 
observed by Pasteur in the researches on the tartaric acids 
which we have already mentioned When we examine the 
structural formula of tartaric add, we see that it contains two 
asymmetric carbon atoms, which are marked by heavy type : 

H 

1 

HO-C-COOH 
I 

HO-C-COOH 

k 

If we divide the molecule into two halves of identical structurei 
— CH(OH)COOH, we shall see that we have now three possible 
arrangements of atoms in space instead of two, as in the case of 
lactic acid. Instead of the second group — CH(OH)COOH, let 
us ^v^itc X for convenience; then, as before^ we have the two 
arrangements : 
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These represent the right-handed and left-handed varieties of 
the grouping XCH(OH)COOH. But now we have still to 
consider the grouping of the atoms in X, the second radicle 
— CH(OH)COOH. They also may be arranged in deztro or 
laevo form. Now, if we call the rotatory power of the one half 
of the molecule A, we shall find that first we have 



and to each of these we can add a dextro or a lasvo form of the 
second half molecule, which has also a rotatory power, A, This 
gives us : 



Form (i) and form (4) represent dextro- and laevo-rotatory 
bodies having a rotatory power of twice A. But when we 
examine forms (2) and (3) we find that they have no rotatory 
power at all, one half of the molecule counteracting the other 
half, just as oni molecule of dextro camphor counteracts a 
molecule of laivo camphor and produces inactive camphor. The 
inactivity of the tartaric acid, however, depends upon com- 
pensation within the molecule itself, and the case is said to 
be one o{ internal compcnsa Hon. Internally compensated tartaric 
acid is usually termed meso-tartaric for the sake of convenience. 

The tetrahedron symbol does not lend itself to easy repro- 
duction in printing, so other means were devised to represent 
the configuration or space arrangement of atoms in a compound. 
The method suggested by Fischer is the most generally employed. 
To use his formuke, the tetrahedron model is first supposed to 
be built up in the usual way ; and then, after laying it on a sheet 
of paper, the positions of the groups of atoms are projected upon 
the paper. As an example, we may draw the formuke of the 
tartaric adds, giving a sketch of the tetrahedra in each case : 



+ A 



-A 



+ A 
+ A 

(X) 



+ A 
-A 



- A 
+ A 
(3) 



- A 
-A 
(4) 



I, d-tartaric, 
COOH 




3. Meso-iaitaric; 
COOH 




COOH 




R-C>OH 



COOH 
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dOOH 





OH H> 



An equimolecular mixture of (i) and (2) gives racemic add. 

One point must be noticed. It might be supposed that if the 
two tetrahedra in the tartaric acids were to revolve around their 
common axis, the one isomer could be changed into the other, 
but this is not the case. The configuration of each isomer 
depends upon the on/cr in which the groups are disposed 
around the tetrahedron, and no revolution can alter this. It 
is assumed that in these isomers the two tetrahedra can vibrate 
quite freely ; but it is probable that, imder any giv^ condttions, 
iJiey will come into equilibrium in some fixed position. 

In order to make dear the difference in physical properties 
which is produced by differences in the arrangements of atoms 
in space, a table is given below whidi indudes the chief proper- 
ties of the dextro^ levo, meso, and racemic forms of tartaric acid : 

Melting-point . . 
Affinity Constant , , 
Specific Gravity 
Solnbility in 100 parts I 
of«aterati$* t 

We must now consider what influence is exerted upon certain 
reactions by these differences in the spadal arrangements of 
atoms ; and» in the first mstance, we may deal with the actions 
of certain organisms upon racemic compounds. It has been 
observed by many observers,* of whom Pasteur was the pioneer, 

^ Thb is ptobtlily not the true vnlnn for K, at in dihdn aokitunis the xacranc 
ncid dissociates into the t-^vn r^ntipodes. 

' A complete set of retereni„es is to he inund in Landolt's OpUsche Drehungs- 
vermogm organuchir Sudstanseny Bruuswicli ; or m Wintheri Ber^ 28, 3022 (1895). 



Dextro 


Lsevo 


M«so 


Raoeniic 


170" 


170* 


140' 




0097 


0097 


o*o6o 
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1754 


1 666 


1697 


136 


136 
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that when moulds of various kinds were allowed to grow in a 
racemic solution to which phosphates or other nutrient matter 
had been added, the solution gradually became optically active, 
an excess of one antipode being left. At one time it was 
supposed that the mould was unable to attack one antipode, 
and confined its destructive action entirely to the other; but 
the work of Frankland and MacGregor,^ and of McKenzie and 
Harden,' showed this to be erroneous; the mould destroys both 
antipodes, but appears able to attack one much more rapidly 
than the other. This difference in action must be due to the 
difference in configuration between the two antipodes. Since 
some moulds attack the dextro form while others destroy the 
l^vo variety, it is possible to obtain either the left-handed or 
the right-handed form of a given bod^- by utilising the appro- 
priate mould. For instance, if we treat racemic mandelir ncid 
with the ferment FeHmllium glauctim, an excess of dextro man- 
delic acid results, while Isevo mandelic is obtained by using 
Saccharomyces cllipst ult us. Fischer and Thierfelder' have noted 
another case of fermentation in which even a slight difference 
in the conhguration appears to exert a coiiskIl rable influence. 
They treated the dextro forms of glucose, m.uinose, galactose^ 
and taiose with the same ferment, and found that wlule the first 
two were easily fermented, galactose was attacked only with 
difficulty, while taiose was not affected. When we examine 
the space formulae of the four bodies, a possible explanation of 
this difference suggests itself: 

Glucose Mannose Galactose Taiose 

CH.OH CH,OH CH,OH CH,OH 

HO.H HO T! HO H HO II 

HO.H HO.H H.OH H.OH 

H.OH H.OH H.OH H.OH 

HO.H H.OH HO.H H.OH 

CHO CHO CHO CHO 

Fennent easily. Fermentable Unfermented. 

Fischer supposes that ferment and sugar fit each other as a 
key fits a lock; so that certain "wards" of the sugar can be 
reached only if the ferment has a configuration similar to that 
of the sugar. If we symbolise part of the ferment in the same 
way as the sugars^ and represent by X the "ward" which 

I FfMddaad and MacGiegort/ratm. Chtm. Soc^ 08, 1034 (1893)^ 

• McKenzie and Harden, Oicm. Sor., 83, 424(1903). 

* FiBcher and Thiedekler, B^r.^ 27, 3035 (1894). 
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touches the bydroxyl group» we shall find that a perfect ferment 
for glucose would be written thus : 

<i) X-.'- 
(«) X-.- 

(4) X-.- 

Here four "wards** come into play. In the case of mannosc, 
only three of these (i, 2, and 3) are able to act; in galactose, i, 
3, and 4 would be able to attack the hydroxyl groups ; while in 
talose only two (i and 3) could come into action. This analogy 
of lock and key must not be pushed too far, but there certainly 
appears to be some relation between con&guration and the ease 
of fermentation in certain compounds. 

Results of a somewhat similar nature were obtained by 
Bertrand* in his studies of the action of the sorbose bacterium 
{Bacterium xylinum) r.n i t 1 Lain polyhydric alcohols. He found 
that the following aicohois were attacked by the organism: 

OH HO OH 



CH^H -<i-CH«OH CHiOH ^h-l- CKdOH 

I I I 

H H H 

Glyoerol Exytbrital 

OH OH H OH OH OH OH 

f 1 I i I 1 
CHjOH - C C C - CH,OH CH,OH - C C C C - CH,OH 

H <!>H k H 

Arabitol Sorbitol 



I 

H H 



In each ease the heavily printed — CHOH— group is oxidised 
to — CO— . On the other hand, compounds such as those below 
are not attacked in this way: 

Glycol H OH H 

CH,UH-CH,OH I I I 

CHyOH-C C e-CHdOH 

H OH OH H III 
I I I I OH H OH 

CH/>H- C C C C C-CH«OH Xylitd 

(!>H i if OH Dalcitol 

> Bert rand, Bull. Soc. 19, 347, 947,999 (l89«)i Compt, raui.t1M,900 

(1896) i 126, 762 (1898). 
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An eraminatiop of the formulae shows that two conditions must 
be fulfilled before the bacterium can act In the first place, the 
compound must contain a — CHOH— group next a *CH^H 
radicle ; and in the second place it must have a space formula 
in which two hydrozyl groups lie next each other. In other 
words, unless a compound contains the grouping 



the bacterium cannot attack it. 

The foregoing results are sufficient to show that an intimate 
relationship exists between the molecular configuration of 
substances and the readiness with which they are attacked by 
ferments. Since this relationship exists in these cases, it is 
natural to expect a similar connt 1 ton between the configuration 
of a substance and its bcliaviour in the bodies of animals. A 
large portion of all animal tissue is made up of asymmetric 
substances^ and it appears probable that if an optically active 
substance is digested, either the dextro or the kcvo form will 
react more easily than its antipode during the process. 

When we consider the case of the three possible substances 
(deztro, Isevo, and racemic), and suppose for the sake of con- 
venience that the deztro compound is more easily assimilated 
than the iaevo antipode by a given animal, we shall find that the 
raoemic substance offers a further peculiarity; for if it passes 
through the organism as an actual compound, both its com- 
ponents will be destroyed to a certain equal extent, while if it 
breaks down into a mixture of its constituents, the dextro form 
will be attacked while the laevo isomer is unassimilated. We 
shall meet several cases of this kind in the work about to be 
described. 

The simplest case of all is that of the tartaric acids, which 
has been described by Brion.' He found that racemic arid wns 
least oxidised m the animal organism ; next came dextro tar- 
taric; while laevo tartaric and meso tartaric were most strongly 
acted upon. This proves that racemic acid, in its passage 
through the organism, is not decomposed into a mixture of 
dextro and laivo forms; as in that case the laevo form would be 
destroyed and a preponderance of the dextro form would remain. 



U 



H 




^ Brion, ZMt.physiol. Ch*m^ 26, 283 (1898). 
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Further, the action of the animal tissue upon meso tartaric acid 
can be explained in the following way. Laevo tartaric acid is 
made up of two radicles, — CH(OH)COOH, each of which is 
arranged in Isevo configuration, which is favourable to the 
attack of the organism ; dextro tartaric acid, being composed 
of two dextro radicles, — CH(OH)COOH, offers no foothold to 
the destructive action of the tissues : the meso form, being made 
up of one dextro and one Isevo radicle, offers a point of attack 
in the latter, and is therefore destroyed. 

Neuberg and his collaborators have studied ihat part of the 
subject, and have examined several cases ol Llie behaviour of 
optical antipodes in the animal body. We may take the case 
of the three arabinoses and their derivatives ^ as an example. 
The arabinoses are sugars which have the structural formula 
CHiOH . CH(OH) . CH(OH) . CH(OH) . CHO. The figures 
below represent in each case the percentage of substance 
recovered from the urine of rabbits ; column I shows the results 
obtained when the substance was introduced through the mouth, 
II when introduced subcutaneously, and III intravenously : 

1 It ttl 

LMvoarabinose .... 14*$ 7*1 aS'l 

Racemic arabinose , « . 28*5 317 29*0 
Dextro arabinose . 31'a 36-0 310 

These results agree fairly well among themselves, when allow- 
ance is made for inevitable experimental differences. The three 
sodium salts of the arabonic acids, CHjOH . CHOH . CHOH . 
CHOH.COONa, show similar differences, though less of the 
Uevo than of the dextro isomer is attacked in their rase. When 
the corresponding alcohol arabite, CH;^OH . CHOH , Ci 101 1 . 
CHOH. CH OH, was supplied to the animal, small quantities 
of pentoses, CH^OH . CHOH . CHOH . CHOH . CHO, app- ai . d 
in the urine, one of the — CH,OH groups at the end ol the 
chain bemg oxidised to —CHO. 

A very important result was obtained by Neuberg and 
Wohlgemuth- in the case of the human subject. In certain 
diseases it is found that racemic arabinose makes its appLarance. 
Now, when racemic arabinose was supplied Lo a human subject 
it was found lhal a cunsidt rable action took place, about two- 

^ Neuberg and Wohlgemuth, Ber^ 3i» Z745 (t9o>) i Zeit*physioL CAem^ 26, 4i 
(1902). 



Digitizea by Google 



STEREO-CHEMISTRY AND PHYSIOLOGY 459 

thirds of the excreted substance being in the active form, show- 
ing that the racemic compound had been brukm down into its 
components, one of which had been destroyed. It is therefore 
obvious that the formation of racemic arabinose due to disease 
must take place in an organ so situated that after being 
liberated from it the arabinose is not submitted to any process 
of decomposition. 

Since a difference in configuration such as exists between 
dextro and Isevo forms has such a pronounced effect on the 
nutritive values of the arabinoses, it is not astonishing that 
Nagano* found a similar difference between kevo xylose and 
laevo arabinose* the former being more easily absorbed by the 
system. The configuration formulae of the two substances are 
shown below. 

1-Xylose 1-Arabinose 
CH.OH CH,OH 
HOU H.OH 
H.OH H.OH 
HO.H HO.H 
CHO CHO 

Analogous results were obtained b}' Nenberg' and Meyer* 
in the case of the maiiiioscs, CU.Qil . CllOii . CliOH . CHOH . 
CI 10 1 i. CHO. The dcxtro form appeared best suited for 
nutrition. The chief point of interest for stereochemical workers 
lies in the fiict that during the passage of the dextro, Icevo 
and racemic compounds through the Sjrstem derivatives of 
another sugar, glucose, were produced The formule of 
i^mannose and i^lucose are given below. 

d-Mannose d-Glucose 

CH,OH CH.OH 

HO.H HO.H 

HO.H HO.H 
H.OH H.OH 

liOH HO.H 
CUO CHO 

As can be seen from an inspection of the formulae, the 
change from mannose to glucose necessitates the rearrangement 
of the groups attached to the lowest carbon atom in the formula. 
Such a rearrangement implies no great strain on the molecular 

» Nagano, Pfluger's Arcktv., 90, 3^9 (^902). 

' Mmberg and Meyer, 2git,^si4>l. Oum^ 37, 530 (i903> 
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arrangement, however, as it may be supposed to take place by a 
wandering of a hydrogen atom, thus: 

♦H-C-OH d-OH HO-d-H* 

i:0 C-Oir C:0 

(I) (ID (HI) 

The form (II) is unstable. If a model be built up to represent 
these formulae, it will be found that when the hydrogen atom 
marked with an asterisk wanders back from the position (II) 
it may give rise to (I) or (III). The action of the living tissues 
in this case is evidently exerted to bring about the change 
of (II) into (III) rather than of (II) into (I). 

Rosenfeld^ has found that sugars are excreted In urine in 
the following order: galactose mannose, glucose; while the 
alcohols follow the analogous order : dulcite, mannite, sorbite. 



CHjOH 


CHdOH 


CH,OH 


HO.H 


HO.H 


HO.yi 


H.OH 


HO.H 


HO.H 


H.OH 


H.OH 


H.OH 


HO.H 


H.OH 


HO.H 


CHO 


CHO 


CHO 


tUGalactOK 


d-Mazmoee 


d-GIttcow 


CH,OH 


CH^H 


CH^H 


HO.H 


HO.H 


HO.H 


H.OH 


HO.H 


HO.H 


H.OH 


H.OH 


H.OH 


HO.H 


H.OH 


HO.H 


CH OH 


CH,OH 


CH,OH 


Dcdcite 




d-Son>ito 



These differences are probably caused by some reaction 
similar to that which takes place in the selective fermentation of 
certain sugars, which was described above. 

Having dealt with the mtlucnce of the configuration of 
optical antipodes upon their nutritive value, we must turn 
to another side of the question, and consider the relations 
between the configurations and toxic qualities of various com- 
pounds. No general rule can be laid down in this case; for, 
as in the case of nutrition, the experimental data are here 
&r too meagre to allow of generalisation. 

In the first place, it is advisable to point out that in 
some cases influences intervene which are only indirectly 

* Roseuieid, Ccntraibiait /. innert Medicine SI, 177 (*90o)' 



Digitizea by Googlc 



STEREO-CHEMISTRY AND PHYSIOLOGY 461 

alt ii buU ble to the special an-angement of atoms in space. For 
emiple, Cbabrid's ^ experiments on the toxicity of the tartaric 
adds are stated by Cnsfany' to be finreliable» as the toxic 
a^nt in this case is really the hydrogen ion and not the 
add itsel£ Since the configuration of the add^ mdecole 
influences its ionization, however, it should in this way faame 
some effect upon its toxicity also. Cha brio's figures are given 
below. They are calculated in the following way: Let x 
be the weight of add required to kiil one kilogram weight 
of an animal in one minute, p the weight of acid, and w the 
weight of animal used, and T the time required to kill deter* 
mined by experiment, then 

i. 

Lsevo-fartarie add 3426 

Dextro „ „ 104*24 

Kacemic acid 165*25 

Mcso'iutMric sod ..... 196*37 

It will be seen from a comparison of these figures with 
Bnon's results, which have already been given, that there is 
no close connection between the two. 

Owing to their applications in medicine, the behaviour of 
compounds of the tropine series has been investigated with 
more thoroughness than that of other isomers. The parent 
substance, tropine, has the following stru c tu re : 




in which three carbon atoms (marked with asterisks) are 
asymmetric. When tropine (melting-point 62*) is treated with 
sodium amylate, it is converted into an isomeric body, pseudo- 
tropine (melting-point loS'T* The two compounds have exactly 
the same structurei and the difference between them is due* 
probably, to the different arrangement of the — CH.OH — radide 
Ladenburg* has suggested another explanation depending 

> Chabrid, C m fi i . rend., 116, 1410 (1893). 

» Cushny,y<wm. Phy:'!i'i., 30, 193(1904). 

' See Lnflenht-r- A'rr., 26,854(1893); 36, -Mi, (1903)1 and GfWdlllii; lM£ 8A, 
2974 (1904)^ for examples of this ^pe of isomerism. 

30 
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upon the special arrangement of groups around tlie nitrogen 
atom. Whichever be true, the isomerism of tropine and pseudo- 
tropine is caused by spadal, not structural differences. When 
we allow mandelic acid to react with the hydrozyl groups of 
tropine and pseudo-tropine, we obtain two Stereoisomeric 
esters, each of which has the following structure: 



The ester obtained from tropine has a strong mydriatic action, 
while the pseudo-tropine ester has no such property. 

When one of the hydrogen atoms of tropine is replaced by 
a cai boxyl group, tropine carboxylic acid is formed ; and when 
the alcoholic radicle of this substance is benzoylated while the 
carboxyl group is esterified with methyl alcohol, we obtain 
cocaine, which has the formula : 



Cocaine, of course, since it contains asjrmmetric carbon atoms, 
exists in two antipodic forms of equal and opposite rotatory 
power. Poulsson^ found that when applied to the tongue 
the paralysing action of deztro cocaine was stronger and set 
in more rapidly than that of laevo cocaine ; but, on the other 
hand, the effect of the dextro isomer was not so permanent as 
that of the iaevo antipode. In the case of rabbits and frogs, 
the fatal dose seems to be the same for each isomer. Ehrlich 
and Einhorn* arrived at similar results. 

According to Hesse' the therapeutic action of scopolamine 
and the corresponding racemic compound atroscine differ from 
each other. 

Cushny^ investigated the actions of laevo hyoscyamine and 





CO.O.CH, 



CH, 



* Poplmwi, Ardkh PmHk Pkarmak.^ 87, 309 (1890). 

* Ehrlich and Einhorn, Ber.^ 27, 1870 (1894). 

* Hesse, /(mm. f. prakt. Chem ^ [2], 64, 3S3 (^901). 

* CushnytJcum. Fkyml., 90, 193 (1904). 
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atropine, which Is the Gorresponding lacemic form. These 
substances are the tropine esters of tropic addi and have 
the formula : 

CH,OU CHg— CH CH. 

C,H,-iH-CO-0-(!H N-CH, 

(^H f ^H'* — *" uHj 

It was found that both atropine and /-hyoscyamine have the 
same action upon the cciUral nervous system of animals, the 
effects being not only qualitatively but also quantitively identical. 
When applied to the spinal cord reflexes, atropine has a more 
powerful influence than the active isomo- ; but this is reversed 
in the case of the nerve ends of the heart, the salivary glands, or 
the pupil of the eye ; for at each of these points /-hyoscyamine 
has an effect twice as strong as that produced by atropine. 
From these results we can deduce the probable effect of deztro 
hyoscyamine. We know that i^hyoscyaroine (atropine) has 
the same effect as /-hyoscyamine on the central nerve system 
of mammals ; therefore in this case deztro and laevo forms must 
have the same effect. But, on the other hand, ^fZ-hyoscyamine 
has a greater effect than /-hyoscyamine on the spinal cord, 
so that here, obviously, i^hyoscyamine must exert a g^reater 
influence than /-hyoscyamine. In the case of the heart, the 
effects are again reversed ; for since here /-hyoscyamine is 
twice as powerful as <//-liyosiyamine, it appears that ^/-hyos' 
cyamine must be almost without action. Of course this reason- 
ing assumes that the racemic compound breaks up into the 
two antipodes before it acts upon the various nerves. 

Two other substances should now be described, as they are 
closely allied to the tropine group. If in the formula of tropine 
we replace the radicle — CHg — CH. — by two methyl groups, and 
at the same time exchange a hydrogen atom of a — CH — group 
for a methyl radicle, we obtain the following formula, which 
represents N-methyl-vinyl-diacetone-alkamine : 

CH, 

CHi C CH, 

I I 
CH.OH M . CH, 

^Hi iH-CH, 

Like tropine itself, this compound exists in two isomeric forms, 
the mandelic ester of one being an oil, while that of the other 
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melts at iis\ In this case alsa the labile isomer has a mydriatic 
action, while the stable isomer lacks that property. 
The actions of the two antipodic forms of nicotine : 

N-CH, CH 



CH, CH CH CH 

CH 



— ^H, ^H C 



\ 



have been studied by Mayor,' who found that the laevo form was 
twice ris poisonous as the other. When dcxtro nicotine is 
injected no pain is felt ; but when the laevo isomer is used it 
produces both pain and excitation. The la^vo nntipode causes 
paralysis, spasms, retardation of the action of the heart, and 
finally death by the cessation of respiration ; while the same 
dose of dextro nicotine produces only a strong shivering fit, 
which soon passes off. 

Only one or two other cases need be mentioned in this 
division of the subject. Albertoni* has shown that the dextro- 
rotatory compound cinchonine differs in action from its laevo- 
rotatory isomer cinchoiddine. The latter has a slower action, 
requires a larger dose to produce the same effect as the deztro 
isomer, gives rise to yomiting, and has a marked tendenqr to 
cause spasms. Quinine and quinidine^ which tare also optical 
isomers, differ in physiological action as well, quinidine having 
no narcotic properties, though showing the fchrifiigial action 
of quinine. 

Coniine has the structure : 



CHi 

\ 

I I 

CH,CH.C|Hr 

\ / 
NH 



and as it contains an asy nun ( t rie carbon atom it occurs in active 
and raremic forms. Ladenburg and Falk' compared the action 
of the ckxLro antipode with that of the racemic form, but were 
unable to detect any difference between the two effects. 

> Mayor, Ber., 38, 597 OwX 

* Albertnni, yt>\-/:f7> cxp. Path. u. PharfnaJi., 15, 272. 

* LadenbuzK and Falk, Amtalen d. Oum^ 217, 83 (i888>. 
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Hfldebrandt^* wnrniinlng' ethyl, pn^yl, hatyi, and iso-amyl 
deiivatii^s of benzyl«miiiium iodide, found that the isomer 
with the lower melting-point had also the weaker physiol<^^al 
action. The general formula of these bodies is shown below, 
the position occupied by the ethyl, propyl, botyl or iso-amyl 
radicle being indicated by X. 

CH. 

/\ 

(in, cH-c^, 

In the preceding paragraphs we have shown that the influence 
of the antipodic arrangement of atoms in a molecule is well 

marked in many cases. We must now mention several instances 
which show that differences in the configuration of compounds 
may nffcrt our senses. 

In til* fit f^t place, we may point out that the crystals of the 
dextro and laevo forms of sodium ammonium tartrate differ from 
each other and from those of sodium ammonium racemate. 
The nptically active compounds crystallise in hemihedral form, 
and the crystal of the *i^-salt is the mirror-image of that of the 
/-salt. The racemic salt exhibits no hemihedral faces in its 
crystals. The spacial arrangement ul atoms, since it lies at 
the root of this dilicrence in crystalline lurm, certainly aiiecu 
our sense of touch. 

Passing now to the question of smell, it has bem found 
by Werner and Conrad * that the methyl esters of the two 
optically active trans^hezahydroterephthalic esters have different 
odours; while Schmidt and Tiemann observed that racemic 
terpenes were less odoriferous than the correspondmg active 
isomers. 

Taste, in its turn, is affected in the same way, for Piutti* 
states that the dextro and laevo forms of asparagine 

NHi.CH.COOH 
^Rf.CO.NH. 

■ Hildebrandt, Ar^ 88, 597 (1905). 

» Werner and Conrad, Ber., 32, 3052 (1899). 
• Fiutti, C&mpi. rmd.^ 103^ 134 (1886). 
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have ditlerent tastes, that of the d-form being sweet, while the 
/-isomer is insipid. Fischer and Hagenbach ^ state that laevo 
leucine has a weakly bitter taste, while the dextro form is quite 
sweet. A similar difference was noted by Menozzi and Appiani,' 
who found that ^^-glutaminic acid was sweet, while the laevo iorm 
was tasteless. Giutaminic acid has the formula: 

NH,.CH.COOH 

i;H..CH».COOH. 

In the case of mannose and glucose, the evidence is conflicting ; 
for van Ekenstein* states that mannose is sweet, while s^ueose 
is bitter; but this is contradicted by Neubeig and Mayer/ 
Sternberg* considers that as a rule the difierence between the 
isomers is quantitative rather than qualitative. If this be 
correct, it opens up a field for speculation. Marckwald and 
McKenzie* have shown that when an active add is esterified 
with a racemic alcohol, or via wrsA, the reaction proceeds faster 
with one component of the racemic body than with the other. 
For instance, they found that laevo menthol combines more 
rapidly with dextro-mandelic acid than with laevo-raandelic acid. 
If we recpM that Pasteur conceived nerves asymmetric 
organisms, the " quantitative difference " between the actions of 
optical antipodes upon them might be explained by supposing 
that the asymmetric nerve substance combines more readily with 
one antipode than with the other. This, however, is pure theory. 

The sense of sight is the last one with which we can deal. 
Byk ' has shcnvn that a solution of potassium copper racemate 
differs m tint from a solution of the potassium copper salt of 
dextro tartaric acid. Thus, the only sense which is not yet 
proved to be affected by optical isomerism is that of hearing. 
Even this might conceivably be influenced by differences in 
the rate of transmission of sound in active and nM:emic 
substances; but, so far, no experiments have been made in 
this direction. 

We must now turn to another branch of the subject, and 

' Fischer and Hagenbach, i>Vr., 34, 3764 (1901). 

* MttiOBi and Appiud, AfH A. Aaad. £A$ctilsl % II. 431 (1893). 
» van Ekenstein, Rec. trcev. chim.^ 15, 222 (1896). 

* Neubcrg and Mayer, Zeit. physiol. Chem., TSi^ 545 (l903)b 
» Sterabecg, Archiv AncU. u. f/iys.^ 1898, 457. 

* MaickwaUaad McKemie, Ber.^ 38, 2130 (1899). 
' Byk, Zeit,pf^tiM, Ottm^ t$, t»2 (1904). 
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consider those cases in which isomerism is due to the presence 

in the molecule of a double bond between two atoms. The 
Le Bel-van't Hoff h;^'pothesis assumed that, in the case of a single 
bond between two cnrbon atoms, free rotation of the atoms nbout 
their common axis was possible ; but when we come to a com- 
pound containing- a double bond, this postulate is abandoned, 
and it is assumed instead that the double linkmg of the atoms 
introduces an element of rigidity into the molecule. We may 
retain the tetrahedral symbols in this case also, and represent 
the compound ethylene, CHatCH,, by two tctrahedra laid edge 
to edge instead of apex to apex, as in the previous cases. 

When we substitute other atoms or radicles for the four 
hydrogen atoms, we shall find that under certain conditions 
we have a system which is capable of two space arrangements. 
The necessaiy conditions are simple : we need only ensure that 
the two groups attached to each carbon atom differ from one 
another. In other words, isomerism is to be expected in its 
simplest form in the case of an ethylene derivative. 

\ / 
C^C 



The two possible special arrangements are those represented by : 
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In the first case the two groups R lie one above the other, while 

in the second figure R lies over ; and since free rotation of 

the carbon atoms is assumed to be precluded by the nature of the 

double bond, no change in configaration can take place under 

crdinary conditkma. It should be noted thai all^fiovtr groups 

RRR^ lie m one plane, so that no iaomerism doe to enantio- 

morphous arrangements of atoms is to be expected, nor have 

these isomers any action upon the plane of polarisation. To 

distinguish these isomers from those containing asymmetric 

carlKm atoms it is usual to term them gnmetnad iaomersi 

as distinct from optical isomers. 

The best known case of geometrical isomerism is that of 

maleic and fumaric acids, whidi may be represented thus, if 

the tetrahedra be omitted: 

H--C-COOH COOH-C-H 

I f 
H-C-COOH H-C-COOH 

Maleic Acid Fumaric Acid 

When maleic acid is heated above its melting-point it is converted 
into fumaric acid. The former body is therefore termed the 
kUnU form, while fumaric add is known as the stable isomer. As 
in the case of optical isomers, we may give here a table showing 
the prindpal physical properties of maleic and fumaric acids : 

UakftC Add Fumaric Acid 

Melting-point 130* Sublimes unchanged 

Affinity Constant . . . . I'l? 0093 
Specific Giavttr .... t'590 t^s 
l^ubility miNWter . . . . i» 1:150 

An extension of the hypothesis of geometrical isomerism to 
nitrogen compounds was made in 1890 by Hantzsch and Werner.^ 
They assumed that when a carbon atom is doubly linked to a 
nitrogen atom, the third valency of the nitrogen atom is directed 
at a certain angle to the other two. 

Now, in the compound 

it is obvious that X may be supposed to lie near R or R^; so 
tliat m this case also we have the possibility of two geometrical 
isomers : 

R-C-R* R-C-R' 
\ N-X X-N 

\ * HanttKb and Werner, Btr^ 8^ xi (1890). 

\ 
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Much less attention lias been ^ven to the physiological 
action of stereoisomers of this type; and when we o*aimiw^ 
the literature of the subject, only a few scattered references 
are to be found. The cause of this apparent neglect is to be 
found in the fact that many of the alkaloids used in medicine 
occur in optically active forms, while geometrically isomeric 
bodies find no considerable place in pharmacology. 

We may consider in the first place the effect which this 
type of isomerism exerts upon funG:i. The fungus Penicilliitm 
glaucimi grows readily in tumanc acid solution, but does not 
thrive in a solution of maleic acid. Using Lupinus aibfts, L., 
Kahlenberg and True ^ established the following figures. 
When the fungus was introduced into a solution containing 
116 grammes of acid in 6,400 litres of water, it died. When 
the solution was diluted to twice its volume, the organisms 
were able to live in the weakened solution. 116 grammes 
of maleic acid dissolved in 3,200 litres of water produced a 
solution incapable of supporting the organisms ; but on dilution 
to 6,400 litres it became fit to support the fungi These two 
Ms of Ecsnlts, pointing as they do in opposite ways, seem 
to indicate a difference in the configniations of the active tissues 
of fungi, P^mdUmmghmum being capable of attacking fumaric 
acid, Lufinm aibtts, has a greater power of breaking down 
maleic acid. Further research in this field might lead to yeiy 
interesting resultSr as the case seems to iioKm a parallel to the 
action of ferments upon sugars, with which we have already 
dealt 

In toxic action the two acids difi'cr considerably, as Ishizuka * 
has proved. In his experiments he took 1*94. grammes of acid 
for each kilogramme of dog used* This, in the case of maleic 

acid, proved a fatal dose ; while with fumaric acid the same 
dose had no efi'ect. It should be noted, however, that this 
result may be due to a differenro in the strength of the 
two acids, maleic acid being much stronger than fumaric. 

Toxic action, iiuwever, is not the only property in which 
these isomers show differences. It has been found that in 
the case of the compound benzyl-/9-amidocrotonic ester, whose 
two configurations are shown below, the one form (M.P. 79*) 
is tabtclcbs, while Its isomer (M.P. 21°) has an intensely sweet 

' K.ihlf nberg anr! True, Botanical Gazette, Chicago^ 28| l8l (1896). 
' Ishizuka, Buii. Coll. Agr.^ Tokyo, 2, 4S4 (1897). 
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tastet which resembles that of peppennint The two con* 
figurations are shown below : 

NH,-C-CH, 

C,H,-CH,-Jl-COOEt C|H#-CH,-(l-COOEt 

A similar example is found in the case of the aldoximcs: the 
syii-form of anisaldoxime is tasteless, while the anti-torm is 
very sweet: 

CH,.O.C,H«-C-H CH,.O.QH,-C-H 

II II 
N-OH HO-N 
Syn-form Anti-form 

We must next deal with another case in which the rotation 
of carbon atoms about their axis of junction is hindered. When 
three or more carbon atoms are joined together to form a cyclic 
compound like trimethylene : 

CH, 

there are two important consequences. In the first place, firee 
rotation of the carbon atoms becomes difficult, if not impossible. 
This can be seen by building up a model, when it will be found 
that a disruption of the molecule would almost certamly result 
from any such rearrangement Secondly, the six hydrogen atoms 
in trimethylene are arranged in two parallel planes, the carbon 
atoms lying in a third plane between these two and parallel to 
them. 




H 



H 
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To save space in printing, this is usiudly written in the 
following way : 

H H 

i — i 




u 



Now, here, as in the case we have already dealt with, sub- 
stitution may produce a difference in configuration ; for if we 
take the case of the compound : 

we 

of the atuiiis 



shall find that there are two possible spacial arrangements 
01 ihe atunis. In the first, we have the two groups R and one 
hydrogen atom in the same plane, while in the second arrange- 
ment we have one R group and two hydrogen atoms in the same 
plane : 

H H 

(0 (U) 

A 





H 

Form (I) is called the cis-form ; form (II) the frans-form. 

In this section two instances are known in which the two* 
isomers differ from one another in smell. In each case the 
cis-form has a stupefying odour, wliile the trans-isomer is 
devoid of smell. The substances in question are the hexahydro- 
<Kiiethyi-benzylamine carboxylic acids : 

CHt-CH. H CHg-CH^ CH, , N(CH«)b 

^CH,— C^(!h,. N(CHJ, \h,-C^^ 

ioOH COOH 
Cis-form Trans-fofm 
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and the heiabydro-^Hlkthyl-bauylaiiiuie carboxylic acids : 

COOH CH>.N(CA)h COOH H 

ft H CH..N(CH,). 

Cis-fonn Trans-form 

In the foregoing paragraphs we have been concerned with 
compounds which owed their isomerism to some peculiarity 
either in the arrangement of radicles round a carbon atom, 
or in the mode of linkage between atoms. We must now 
turn to the question of an isomerism which is due to other 
types of asymmetry, and we may commence with the case of 
asymmetric nitrogen. 

Without going into any intricate details, it may be said that 
when a nitrogen atom is united to three separate radides^ no 
isomerism is to be found. Of course, as has been mentioned 
already, a nitrogen atom doubly linked to a carbon atom may 
l^ve rise to isomerism, but in the case of a compound such as : 

\ 

c 

no isomerism occurs; and it is therefore assumed that the 
groups a, b, and c and the nitrogen atom lie in one plane or 
are free to move about in space. Were this not so, we should 
expect to find enantiomorphism shown by such substances. 

When we allow a tertiary amine to react with an alkyl 
halide, a fjiinternnry runmonium salt is formed, just as ammonia 
and hydrochloric acid unite to form ammonium chloride : 
H H H R* R R** 

/ \/ X \x 

N-H-fHQ- K-H N-R^+R.X- N R* 

\, /\ \ /N 

H H H R' X R' 

When the four alkyl groups attached to the nitrogen atom differ 
from each other, as in the case of NRR'R"R'"C1, the nilrogrn 
atom is asymmetric, and the compound is found to exist in 
two enantiomorphous forms of equal and opposite rotatory 
power. The case IS parallel to that of the asyuunetric carbon 
atom. It is evident that in passing horn the trivaknt to the 
pentavalent condition of the nitrogen atom we have passed from 
a plane configuration of the molecule to one of three dimensions. 
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Cram Brown and Fraser* have shown that when certain 
alkaloids coatainuig a trivalent nitrogen atom were allowed 
to unite with methyl iodide, thsy gained a new physiological 
property without losing any of their previous efficiency. The 
new attribute which they acquire by this increase in the valency 
of their nitrogen atoms resembles the chief property of curare, 
for these new methyl iodide addition products have a paralysing 
action upon the ends of the motor nerves of muscles. Curare 
itself contains a tertiary base curine, and Boehm ' has shown 
that when curine is treated with methyl iodide it yields the 
quaternary salt curarine, whidbt is two hundred and twenty-^iz 
times as poisonous as the mother substance, and which possesses 
in an acute degree the paralysing properties of curare. The 
most probable deduction from these results is that the change 
in the valency of the nitrogen atom lies at the root of these 
effects ; but we must inquire further whether the consequent 
change in configuration has not some bearing upon the point 

Fortunately, the evidence on this subject is already at our 
(iis|)Osal. We need only replace the nitrogen atom by some 
odur atom which has the buiinc faculty of changing from the 
trivalf lit to the pentavalcnt condition ; and we are not hampered 
in our clioicc m ihis matter, as 110 fewer than three other elements 
have been examined by Vulpian.' The substances actually used 
by him were : (i) tetrarethyl-arsonium cadmium iodide, (ii) tetra- 
methyl-arsonium cadmium iodide, (iii) methyl-triethyl*stibontum 
hydroxide, and (iv) tetra-ethyl-phosphonium iodide : 

CtH, CH, CH, CR. CHi C,H. C^, C,H, 

\ / \ X \ / \ / 

Aa— I.Cdl, As— I.ZnI, Sb— OH P— I 

y \ / \ /\ /\ 

CtHs Cja« CH, CH, CH, CA CA 

<i) (ii) (iS) (hf) 

None of these substances shows the ordinary physiological 

behaviour of arsenic, antimony, or phosphorus, but all of them 
have a strong curarc-like action, which seems to indicate that that 
action is due rather to the molecule as a whole than to the nature 
of the atom at the centre of the complex. 

1 Cram Brown and Fiater, Thnw: A^. Soc, £dkL, 707 (ii6S) ; J*roe. Rty, 
S0e. £diM.t 1869, 560. 

* Bodun, ArdUv dt PkamuuU, US, 660 (i S97) ; ArMrss^. Pa/k. tt. PAarmak, 
0» 101. 

' Vulptan, Anhiv dc ^hys. ticrm» UpaOM^ Xf 472; tee eliO Biiix% 
gxp. Path, u. FharmcJt^ 6^ loi. 
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Another example of the change of a plane molecular con- 
figuration into a three-dimensional one is to be found in the 
case of the sulphur compounds. In the alkyl sulphides having 
the formula R — S — R', since there are only three groups, the 
configuration must be a plane one. When alkyl iodides are 
added to these sulphides, however, optically active substances 
can be produced, having the formula: 



and from the occurrence of optical activity it is supposed that 
this case is analogous to that of the asymmetric carbon atom ; 
and that the radicles R, R', R", and X are arranged at the 
corners of a tetrahedron whose centre is occupied by the sulphur 
atom. Of course this tetrahedral arrangement will persist even 
if the sulphur atom be not asymmetric and no optical activity is 
shown. Now Ciirci and Kunkel ^ have found that sulphine 
bases, such as tnmethyl-sulphine hydroxide (CHg), . S . OH, 
have a pronounced curare-like action, which is lacking in the 
sulphides. 

Similar results have been obtained by Bock* in his study of 
the ammonia derivatives of cobalt, chromium, and rhodium, 
which resemble each other to a certain extent. He was able to 
show that the nature of-the metallic atom in the molecule had 
less influence upon the physiological action than was exerted by 
the general character of the compound. 

Since in all these cases a change from a plane configuration 
to a three-dimensional one is taking place, and since, previously, 
we have shown how great an influence upon the physiological 
action of certam substances is exerted by a diflerence in the 
spacial arrangement of their atoms, we are not unjustified in 
assuming that the change in configuration has some influence 
in this case alsa 

Stereochemistry is usually divided into two sections. In the 
one division we deal with the purely static (or at least hypo- 
thetically static) relations between atoms which give rise to 
isomerism ; in the second section we are concerned chiefly with 

> Curci, AreUv dt^k»m,*i4iaan^^ 4 1896; Knakd, ZMudk d$r Tweika- 

iegie (1901). 

* Bock, ArcMv txp, Path. u. Fharmak^ 50, i, 30 (1904). 
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the dynamic effects of certain atomic groupings, their influence 
upon chemical reactions, and similar subjects. In the forgoing 
pages we have restricted our examination to the first division, 
and have dealt purely with the question of stereo-isomerism and 
its connection with the action of certain substances upon living 
tissues ; but we must now turn to the second part of the subject 
and discuss the dynamic influence which certain atomic groups 
may exert upon others. 

When we allow acetic acid to react with ethyl alcohol in 
presence of hydrochloric acid, water is ehminated and ethyl 
acetate is formed : 

CH,.COOH + C,H.OH = CH,.COOC,H» + H,0 

Now, the researches of Menschutkin, Sudborough, and Lloyd, 
and others ^ have shown that when substituted acetic adds are 
used instead of the parent substance, the amount of ester formed 

under given conditions decreases. The amount of this decrease 

depends on the complexity of the acid, and is quite independent 

of its strength, as the following table shows : 

Amount of Eiter> 
3-661 
3*044 



Affinity Constant, 
o'ooiSo 
0*00134 



Formula of Acid. 
CH, . COOH 
CH,.CiIi.COOH 
CU» 
\ 

CH . COOK 1*0196 0*00144 

/ 
CH, 
CH, 

CH,-C.COOH 00909 0.000978 

CH,^ 

A similar decreas^e in the amount of ester formed is found 
if the complexity of the alcohol be increased while the acid 
remains the same throughout, e.g. when acetic acid is esterified 
with methyl, ethyl, isopropyl, and tertiary butyl alcohols. It is 
evident, therefore, that the cause of the decrease in the amount 
of ester formed is to be sought in the change in structure of the 
acid or of the alcohol. On examining the formula; shown in 
the table, we ftnd that in each case as we go down the table we 
are replacing a hydrogen atom by a methyl radicle. In other 

' Menschutkin, Ann. ckim. ^ys. [5], 20, 229 (1880) ; 23, 14 (iSSi) ; 30, 8t 
( M3} ; Jmtm, Run. PAfv. dm. S0C^ % 316, 346 (1877) ; 10^ 278 (187^ \ lit H* 
34$(tS79); 1^ S2 (1880): 13, 564 (1881); lA, 35^ (i^^4); Ber. 13, 1813 (1880); 

80, 278 1897) ; A?malnt ,frr Chem., 196, 334 (1879) 5 197, 193 (1^579) Ckm» 

Soc., 8 , 1532 (1906) i Sudborough and Uoy^ ibid, 75, 467 (1899). 
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words, we are eicbangmg a small light group for a laiige 
heavy one. 

Let us next consider what takes place when an acid reacts 
with an akohoL Obviously the hydroxyl group of the alcohol 
must come within range of the carboayl group of the add before 
any interaction can take place, since the ester is formed by ihe 
elimination of water between these two groups. Now, we 
could interpose some barrier between these two radicles, we 
should hinder the esterification ; and the more effective the 
barrier was, the less ester would be formed. Such a barrier 
is found in the methyl jjroups of the substituted acetic acids. 
According to the current theories of chemical action, a certain 
amount of free space must exist around the hydroxyl group 
before the carboxyl radicle can come within reaction range. 
The light hydrogen atoms are easily thrust aside by the heavy 
carboxyl group, and therefore the esterification of acetic acid is 
easy. When we replace the light hydrogen atoms by the 
heavier methyl i ulicies, however, the resistance to the entrance 
of the carbox3 1 radicle becomes serious, and consequently much 
less ester results. The following analogy may help to make the 
matter clearer: Suppose a man to be desirous of passing 
through a certain door, guarded by children. He would be 
able to pass because his strength would be greater than that 
of the guards ; but if the children became men, his chances of 
passing the door would be very considerably reduced. 

This sigric InHdranc^^ as it is called, has been observed in 
nearly every class of reaction ; and there seems to be no doubt 
that the substitution of one group for another may influence 
the course of a reaction to an extent which seems quite out of 
comparison with the slight change in the chemical character 
of the substance which the substitution produces. We must 
now consider an application of this view to the question of 
vital action. 

On Ehrlich's theory of antitoxins there are two sets of 
molecules m livmg tissue : those on the outer surface of the 
cells beings ronremed with the nutrition process, while those 
^\nthin are employed in ceil metabolism. If the outer, or 
peripheral, molecules can be put out of action, the cell lacks 
nutrition and eventually dies. Ehrlich supposes that the 
peripheral molecules Iklvc active side-chains serving to anchor 
suiiabie molecules which may be carried past them; and in 
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this way the cell extracts the necessary nutriment from bodies 
carried past it in the blood currents. These side-chains, how- 
ever, may serve to anchor toxin groups as well as nutritive 
ones ; and, on Ehrlich's view, when a sufficient number of toxin 
groups have been anchored, the nutrition of the cell may suffer 
to such an extent that the cell dies. 

Schryver^ has put forward a different view of what takes 
place. A concrete example will make the matter clearer, and 
for the sake of simplicity we may symbolise the cell by the 
benzene tricarboxylic acid shown below : 



[2] COOH 



[i] COOH 



COOH [3] 



HCS^CH 
C 
H 

Here the active side-chains are represented by three carboxyl 
radicles. Now suppose that a molecule of aniline passes within 
the range of the central carboxyl group (2), and is seized and 
anchored by it. The presence of this large group will hinder 
the approach of other aniline molecules to the carboxyl groups 
(i) and (3), so that they will be temporarily put out of action 
until the first aniline radicle is disposed of. 

We may represent the action diagrammatically in the 
following way : 





h 

Fig. I. (3) 
* Schryver, Chemistry of the Albununs^ p. 183 (1906). 
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In fig. la the side-chains are represented by the unshaded i>arts 
n, b, and while the molecules of nutritious substance are repre- 
sented by d, /, and ^. It is obvious that the presence of the 
molecule / on b will not interfere to any extent with the action 
of a or c. This symbolises the normal action of the side-chains, 
if, however, the central side-chain b should happen to anchor 
the abnormally large body (fig. i b)^ the state of affairs would 
be quite different ; for occupies so much room that the side- 
chains a and c could not come into play, and the cell would 
consequently be starved. On Schryver's view, then, toxicity in 
a tissue may be regarded as due to a steric hindering of normal 
functions. 

Before concluding this article, some mention should be 
made of the relation between vital action and the production 
of molecular asymmetry. When in the laboratory we con- 
vert a compound Cabc^ into anorher, Cabcd, which contains an 
asymmetric carbon atom, it might be expected that an optically 
active product would result. In practice, however, this does 
not occur;, for instead of one antipode being produced, the final 
product is 1 acemic. A consideration of what takes place in the 
course of the change from Cabc^ to Cabcd will make dear the 
reason for this. In the substance CtAe^ we are dealing with a 
tetrahedral arrangement of atoms like that shown below : 



I 



C 




c 
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The two groups c are identical Now» if the right-hand c be 
replaced by d we ahall have one compoimd, white if the left- 
hand c be chosen for replacement we shall have the optical 
antipode. Since the optical antipodes are identical in chemical 
properties and differ physically only in respect to their crystal- 
line forms, there is no reason why the dextro form should be 
formed rather than the laevo form ; and there is no reason why 
one c should be replaced rather than the other, since they are 
symmetrically situated with regard to one another. It is, 
therefore, onh' natural that in one half of the total number 
of molecules the right-hand c is replaced by d, while in the 
others the left-hand c is chosen, the result being a mixture of 
the two antipodes in equimolecular proportions. 

We may take it as a general rule, then, that from symmetrical 
substances only symmetrical products are formed in the course 
of our laboratory reactions. On the other liand, when we 
examine the constituents of living tissues wc lind that a very 
large proportion of them are optically active substances, so that 
at the first glance there appears to be a profound difference 
between chonical actions in the laboratcwy and those which are 
carried out within livuig organisms. At present those chemists 
who take an Interest in the matter are divided into two schools. 
The one school holds that there is no fundamental difference 
between the chemical processes of vital action and the chemical 
processes of the kboratory ; while the other school maintains 
that the question of molecular asymmetry sharply divides the 
two sets of phenomena. Up to a few years ago, neither view 
could call any experimental evidence to its assistance. The case 
of sodium ammonium raoemate was cited by the " uniform " 
school as a proof of their case. This substance, if allowed to 
crystallise from its solution under certain conditions of tem- 
perature, separates spontaneously into two sets of crystals 
which, owing to the difference in the disposition of their 
hemihedral faces, can be separated by hard from each other. 
The upholders of the vitalistic theory- of molecular asymmetry, 
however, pointed out that m order to separate the two vital 
action was necessary, since a human being was a vital agent. 
It is unnecessary here to enter into tiie details oi the aigu- 
ments employed on both sides; they are to be found in the 
correspoi^ence in Nafftrt} and were chiefly theoreticaL 

• Nature^ vols. jiS and 59 (189^). 
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The question appears to have been settled in a somewhat 
unexpected manner. Cotton,^ examining the absorption of 
dextro circularly polarised light by copper ammonium tar- 
trate, found that the two tartrates did not possess identical 
powers of absorption. Now, if light is absorbed by any 
molecule, some extremely delicate rearrangement of the 
molecule's internal structure must take place; for we cannot 
imae;^ine that a vibration can be stopped without some energy 
being expended in stopping it or changing its amplitude. 
Therefore, in the case of the dextro and laevo forms of copper 
amnioniiim tartrate, more energy is being used up by the one 
form than by the other ; and hence the intramolecular readjust- 
ment is greater in the one isomer than in the other. In other 
words, dextro circularly polarised light is an agent which 
favours one form of tartaric acid rather than the other. Now, 
Byk* has pointed out that light is circularly polarised by the 
surface of the sea, and that one variety of the circularly polarised 
light predominates on the earth's surface. This obviously fur- 
nishes us with an asymmetric agent whose application, as far as 
the earth is concerned, is nearly universal; and it seems not 
improbable that some such cause, acting under &vourable 
conditions, may have given rise to a preponderance of a right- 
handed or left-handed form at one particular period in geological 
history. Until some active substance is actually synthesised 
by this method, howevo:, the question must be regarded as, 
at least technically, an open one. 

It should be noted that once the presence of an asymmetric 
substance is granted, the subsequent steps up to the present 
complex series of naturally ru nin ing asymmetric forms become 
simple to understand. A very small quantity of an asymmetric 
acid, under suitable conditions, may serve to resolve any 
quantity of a racemic base without losing any of its peculiar 
asymmetry ; while each portion of base resolved into its 
antipodes becomes a new centre for the resolution of racemic 
acidb, which in their turn may serve to resolve new bases, and 
so on ad infinitum. 1 he case is analogous to that of ordinary 
animal reproduction, since with each generation the reproductive 
power increases in geometrical proportion. 

In condusion, it may be pointed out duit the accumalatioii 

' Cotton, Ann. ckim.pkys. \j\ 8, 373 (1896). 

* Byk, Zdt. physikal. Cktm. 49, 641 (1904) ; Ser, 37, 4696 (19C4). 
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of further data as to the action of stereo-isomers upon animal 
tissues is very desirable. Since a slight difference in structure 
nay produce a great difference in the action of drugs, it seems 
advisable to begin by investigating those cases in which the 
structures of the bodies are identical, and the only difference 
lies in the special arrangement of the atoms. At the present 
time the data in this branch of the subject are only sufficient to 
show that the influence of stereo-isomerism is of importance ; 
they are not full enough to enable us to draw any general 
conclusions. 
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A PHYSICAL PROCESS 

By J. S. MACDONALO, BJL, L.R.C&, UUCP, 

It is a leading characteristic of living matter that it is readily 
excited by slight sudden changes in its environment To these 
stimuli it frequently responds by chemical and physical reactions 
in which much more energy is transformed than was supplied 
by the exciting cause, in this way resembling all unstable 
structures and compounds. It differs, however, from these 
unstable bodies in that it rapidly returns to its original states 
abstracting matter and eneigy from its surroundings to make 
good its loss— a process which can be repeated indefinitely. 
Nor is the word indefinitely made use of in any limited sense, 
as will be apparent when the processes of growth and multi'* 
plication are considered. Unstable when momentary changes 
are dealt with, stable when time is taken in larger units, living 
matter is usually spoken of as " labile." 

Now when an attempt is made to penetrate the meaning of 
this state there are certain facts which always obtain a primary 
hearmg for circumstances of purely chemical rank, in the first 
place many of these exciting causes lead obviously to chemical 
change, as in the case of muscle, from which, when excited, 
waste products trail away as definitely as the smoke and fumes 
from any chemical factory. In the second place there is no 
doubl that all the energy transformed in the body is liberated 
as a consequence of the oxidation processes by which its food 
material is overtaken. This statement has within recent years 
been placed in a position of almost absolute truth. 

E:q>lanations of both phases of this condition of lability have 
therefore most frequently been arranged in terms of chemical 
reactions. At one time we were invited to think of these 
vaguely as due to processes of assimilation and dissimilation, 
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anabolism and katabolism ; no very certain limit being placed 
to the meaning of these terms. Alongside of the processes 
leading to the formation of an unstable and highly complex 
product were also processes leading to its destruction, and both 
sets of processes were cliaracteristic of the normal resting 
state of living matter. Stimulation led lo a new quaniitative 
relation between the two, so that momentarily the destructive 
process was dominant During the recuperative period 
following excitement the constructive process was dominant 
in its turn. 

More recently considerations introduced by Ehrlich, as 
also the time relations of the oxidation process observed by 
Hermann, have served to modify and harden this view. It 
is on the one hand made clear that the destructive process 

ret d not be postulated as overtaking more than a certain 
fraction of the molecule, or, as it is expressed, no more than 
certain of its side chains. On the other hand also the con- 
structive process can be imagined as repeatedly recommencing 
from a constantly surviving level of considerable perfection. 
Verworn has therefore brought to our notice a certain stable 
atom-comp!cx, or nuclear s^roup, to which more unstable 
side chains are linked under pressure of ordinary chemical 
and physical circumstance. In these and between these 
side chains perpetual change occurs, which is exaggerated and 
perhaps given a new direction by the incidence of stimulation. 
Every act of "life" therefore has its basis in the chemical 
changes taking place on the fringe and within the influence 
of these residual nuclear molecules. This at least if certain 
"enzymes arc allowed to play a pan less definitely assessed, 
and take a place in the molecule less definitely assigned. 

To satisfy the intimacy of intracellular life the conception 
has been tentatively extended by a hypothesis first boldly 
introduced by Pfluger. The residual atom<<omplexes are linked 
together to form a giant nuclear molecule which occupies a 
great share of the space within the cell, as for example the 
whole of that process of a nerve-celi known as the core of a 
nerve^bre. In this way we have in front of us a schema 
which clearly illustrates the conception that " life " is primarily 
dependent upon chemical structure, and that all the expressions 
of life are the outcome of chemical change. This conception has 
indeed been welcomed as serving useliiUy to link together many 
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experimental facts. In the first place those facts upon which 
it was based, the storage of oxygen within the cell in chemical 
combination alongside of ozidisable material to which it is 
finally banded over. In the second place such instances as 
those in which minute traces of specific chemical materials 
modify the life and activities of the cell In this latter case the 
concept has justified its existence by indicating fruitfiil lines of 
experiment Its influence has also been clearly felt in further 
elucidating the importance, of oxygen not only to life, but also 
to function. 

We must ask, however* whether no position of importance 

should be accorded to states and changes of a purely physical 
kind. Surely these also play their part within the celL Their 
influence upon extra-cellular material is often paramount, and 
it is perhaps best by a consideration of this influence that their 
case may be introduced. Let us for example consider a rod 
of cartilage. Here cells are situated in a mass of tough 
material which they have manufactured. Unlike their epithelial 
cousins situated on the surface of the body, they do not pass 
their manufactured products on to a surface from which in the 
course of events these are swept away. The cells are therefore 
separated by a greater amount of material, which first oozing 
from them as a viscid mass no more rigid than its source, then 
sets into the tough elastic substance to which the cartilage owes 
its physical characteristics and its sole use. Now who can 
deny the probabihty that this process of " setting " is due to 
stimulation provided by the stresses and strains to which the 
exuded material is at once subjected ? We thus get a picture 
of this extracellular material imdergoing a change of physical 
state of functional importance, and that as the result of excitation. 
Again, as the cartilage plays a frequently repeated part in the 
stresses and strains to which the limb is subjected by muscular 
^' . action and external pressure, certain points within it are selected 
the fod through which resultant forces pass. These most 
p^a^ably are the " centres of ossification." The forces in action 
arrai)ge the cells 'and matrix in columns radiating from this 
central The stimulated matrix omitinues with its change of 
state, ikfi colloid material passes from the condition of a 
homogeneous jelly into one in which there is a precipitation 
of denser "calcified" material from a more simple solution 
readily removed; condensation and liquefaction. Is this a 
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chemical change resulting from the exudation of a new corrosive 
substance from the excited cells, or is it a physical consequence 
of repeated pressure upon the homogeneous je^y ? It is clear 
that the mass primarily stimulated is the jelly, which from its 
consistence must be held to protect the cells enclosed within 
it Again, the irruption of bone-forming cells takes place, made 
possible by the liquefactive change. Each one of these new 
cells secretes an exudate which then "sets." The directions 
taken by the fibres precipitated in the setting bone-raatrix at 
once suggest the notion that they are the result of the stresses 
and strains to which the material is subjected. Calcium salts 
also make their appearance passing from a state of solution to 
be precipitated as granules. In the rase, then, of bone-formation 
it is again the change of physical state which at once claims our 
interest. Now it may be objected/ that there is no proof that 
these changes are not of chemical rank, perhaps even attended 
with an output of waste products. However, even if that 
possibility be admitted, the contrary hypothesis is seen to 
be at least as admissible, and therefore to require definite 
examination. 

But if a case can be made out for the examination of such 
possibilities when dealing with extracdlular material, the same 
possibility must also be introduced within the limits of the cell. 
The difference between similar changes within and without the 
cell may be no more than a difference of opportunity and 
advantage. Outside the cell the sole sources of energy are 
those provided by stimulation and the heat of the circulating 
solutions of the body. The cell has the advantage here. 
Inside the cell recovery may thus be more usual than outside 
of it. Within the cell, as for example in the musculature, is the 
source of heat production whence the heat of these circulating 
solutions is derived. Within the muscle-fibre itself this chemical 
source of energy may play no greater part in many important 
internal processes than is played by the heat of the forge in 
the production of steel. If the muscle distributes heat to other 
tissues of the body which is made use of in this way, what limits 
are to be set to its own participation in similar advantay^es ? it 
is a possibility often lost sight of, but none the less important, 
that the source of energy within the muscle may possibly be 
responsible for physical states, for physical stores of potential 
energy^ the disturbance of which in their turn may give rise 
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to a development of heat. Heat so produced is to be traced 
finally to the combustion of food material as surely as that 
directly produced by tbe occurrence of concomitant chemical 
change. 

So far I have done no more than consider the possibility 
that ph3sical state and chang;e may be of importance in 
intracellular change. Let us consider a case where they must 
of necessity be introduced — as for example in the secretion of 
water as sweat at a point upon the surface of the skin. Below 
this surface there extends a long tubular pocket lined by 
epithelial cells. These cells are suddenly aroused from a state 
of rest by the arrival of a nervous impulse dispatched from the 
central nervous s^'stem ; after a short delay water wells from 
the moulh of the pocket on to the skin. Whence does this 
water come ? Certainly not from the side links of any " biogen 
molecule" within the celL The water has indubitably been 
drawn through the cell from the solutions bathing its internal 
surface. The cell has acted as a pump in which valves give 
a direction to the work performed Now how is this to be 
dealt with if the physical arrangements of the materials formmg 
the cell are not to be placed in the foreground as matters of 
importance? Discuss these arrangements and it at least 
becomes possible to conceive a line of experimental approach 
to the phenomenon* 

Let us for a moment suppose that, as is most probable, the 
internal and external surfaces have characters of a different kind. 
In some epithelial cells such differences can be seen. In all, 
even including the nerve-cell, such differences must be inferred. 
Let us suppose that this cell, set upon the siirfare of the body, is 
in the habit of passing some of its waste products, as for example 
carbonic arid, not back into the solutions of the body, but out 
on to its external surface. What more probable? But then, if 
so, we have only to imagine that our exciting nervous impulse 
quickens up the chemical changes occurring within the cell and 
so gkves rise to the production of carbonic acid. These new 
molecules, added to the physical value of the cell as a mass 
oi molecules in a state of solution, are the cause of an increased 
osmotic pressure which is suiiicient with the differences 
postulated between the cell surfaces to account for the passage 
of water out into the pocket of the little gland. Here we have 
been forced to think of the matter within the cell as a solution, 
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of a chemical change as merely adding^ to the number of molecules 
in solution, of the cell limits as permitting or restraining the 
moti<m of dissolved material. None of the important activities 
underlying these terms are made obvious by the contemplation 
of " biogen molecules.** 

Let us examine an instance a grade more complex. The 
salivary glands are formed of similar pockets, from which on 
the arrival of a nervous impulse water again gushes out on 
to the surface of the body containing in solution organic and 
inorganic matter. The same explanation will temporarily 
cover the output of water. But why these other substances 
also? Now there is no doubt that most of these other materials 
have lain within the cpU long before the arrival of the nervous 
impulse, having been manufactured during^ hours of rest from 
secretion. They arc now merely washed out in the rush of 
water. In addition to the chemical work done on receipt of 
the impulse we have here to consider specialised chemical work 
performed quite independently of this, such as is done by gland- 
cells to which no such impulses come. Is it oi advantage to 
consider the molecules engaged in the one change and in the 
other as necessarily the same? Is it not simpler to think of 
molecules of diverse kinds in solution side by side but under- 
going a diilerent cycle of change with intensities that reach their 
maxima at different times ? We have been compelled to intro- 
duce the concept "solution** to expkun the transit of water. 
There can be no doubt now, as the result of manifold ezperi- 
menti that this concept has to be introduced in case of every 
cell ; nor even any doubt, to make the matter physically more 
complex, that the variations of phase within these solutions 
undeigoing change with every kind of alterations in physical 
circumstance have all to be taken into consideration as modifying 
the activities of the cell, and therefore as variable physical states 
of functional importance. 

Now it may be said that, after all, these instances have done 
no more than attribute important results to chemical change 
as the primary source of energy directly un olvid in the pro- 
cesses considered. The carbonic acid production has been dealt 
with as the source of the change. But what if we S( h ct as 
our new molecule adding^ to osmotic presbure not carbonic acid, 
so obviously the outcome of an oxidation process, but some 
inorganic salt? In the case of the salivary secretion certain 
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experimental facts render a consideration of this possibility 
necessary. Here the chemical side is not so obvious, since 
we may suppose these molecules to have been pre-existent 
within the cell, and to be liberated not from a position of 
chemical, combination, but from some position of physical 
restraint on arrival of the nervous impulse. This is a 
possibility with an important distinction. The whole suddeu 
energising of the cell is made to take an entirely physical 
form. In this case, however, the chemical side must not be 
lost sight of. We must suppose that, during its rest from 
secretion, the chemical energy of the cells was utilised in 
producing this physical condition of restraint, and so feeding 
a secondary source of energy conveniently available at the 
moment of stimulation. 

And now, having prepared the way by means of allegor}^, I 
would turn to the specific instance which I am more concerned 
in protecting from this purely chemical cone. |>Lion of function. 
If living material is at one time stable and unstable, is labile, 
where is this fact more obvious than in the case of nerve? 
Excited by almost every slight change of envirrTiiaent to a 
display of function and therefore most unstable, but recovering 
so rapidly that within one five-hundredth of a second it can be 
provoked to an exactly similar change of ^^IhIl — a process which 
imder favourable conditions can be repeated from dawn to dewy 
eve without giving rise to any trace of fatigue. Pancreas cells 
may be unezdted to their specific function save on the addition 
of certain specific chemicad materials. Mammary-gland cells 
may preserve a similar scorn for fleeting change. In them 
obvious chemical work is done, and the chemical composition 
of the media in which they lie is their main concern, of which 
they are not oblivious ; but of their extreme lability what proof 
have we ? Astonishing pictures of exhausted cells indeed form 
evidence for an opposition. Turn to nerve-fibres and the fects 
are curiously reversed. Most stable and yet most unstable, 
" labilissimi," what proof have we of the primary importance of 
their chemical constitution and its changes ? Practically none. 
I shall escape impeachment for this statement. The main fact 
is so clear notwithstanding some slight evidence to the con- 
trary. Thus Waller has in most ingenious fashion shown that 
prolonged stimulation leads to just such a modification of con- 
duction as is producible by carbonic acid, but not unproducible 
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by other factors also. Betbe has shown that prolonged 
stimulation is followed by an alteration in staining capacity 
with certain basic dyes, a circumstance which may have no 
more meaning than an alteration in physical state« It is true 
that this absence of chemical evidence may be ascribed to the 
minute quantity of change involved, and to the swift flight of 
the nervous impulse. 

It is no doubt true that the maintenance of life in the nerve- 
fibre is dependent upon chemical factors. As is the case with 
all intracellular material, the continuance of its function is 
ultimately dependent upon a complex of rhemirnl nnd physical 
states to which the cell-nucleus, nutriment, oxygen, and the 
removal of waste products such as carbonic acid are essential. 
Doubtless, too, this complex is affected by narcotics in some 
cases, in a manner to be assigned to the inhibition of certain 
essential chemical processes. No doubt also drastic interference 
with this complex may produce an abiioi mal physico-chemical 
state in which symptoms of fatigue become obvious, as in the 
instance of the effects of aconitine observed by Waller, chloro- 
form by Garten, lack of oxygen by Frohlich. But here we 
have our fingers upon the very acme of lability. This is the 
tissue from which many of the conceptions of lability of living 
matter are derived It is significant that here of all places we 
should have to hunt so desperately for instances of chemical 
change. There iS| then, excellent reason why, on a basis of 
experimental fact, nerve should not be used in illustration of 
the value of any purely chemical concept of function. 

Thus that rapid propagation of physiological change from 
point to point which is the leading function of nerve, but is 
by no means confined to nerve^ is doubtless always due to the 
conveyance of a physical change. The train of gunpowder is 
apparently a simile to the contrary, but I believe I am right 
in msistmg that in this case the explosion of each segment in 
turn IS due to a rise in temperature. That physical factors are 
alone responsible for the similar excitation of each successive 
piece of nerve has been laboriously proved by a study of the 
action of every admissible form of stimulus. Efficient physical 
forms of stimulation are, the incidence of light, a rise of 
temperature, a slight nu chanical shock, pressure, a sudden fall 
of electrical potential, sometimes a fail of tempetaiure, some- 
times a rise of electrical potential, sometimes the removal of 
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pressure. Every sudden change in physical aivironment is 
liable to stimulate nervfi. Efficient chemical means are all 
illusory. Only such chemical reagents as have a capacity for 
indirectly producing physical change are capable of stimulating. 
Their effects are then in proportion to the physical change 
which they are capable of producing, as has been well shown by 
Matthews. Solutions of electrolytes produce electrical effects. 
Solutions of varied concentration cause variations in the water 
content of the nerve. Conrentrntcd solutions by concentrating 
the electrolytes in the interior of the nerve give rise to self- 
stimulation. The transference of the excited state from point 
to point of the nerve can tlitreforr be assigned with certainty 
to physical change, and this no matter whether the disturbance 
at each point thus affected involves chemical change, such as 
the decomposition of a carbohydrate or a fatty side chain, or 
physico-chemical change such as the disruption of sonic adsorp- 
tion complex, or purely physical change such as liie conten ing 
of new motion upon matter in solution. There is, in fact, no 
experimental datum which would enable us to think of any 
other factor than physical diange as respmisible for the trans- 
mission of the excited state from point to point We are, 
therefore, debarred from accepting in this case many of the 
mechanisms which have been suggested, such as, for example, 
the transference of an oi^gen atom from side chain to side 
chain of an excited giant molecule. 

Compelled thus to retreat to physical change alone, there 
can be little doubt as to the nature of the physical change 
which is responsible. Most careful experimental inquiry has 
failed to obtain any evidence of heat-production such as occurs 
in the train of gunpowder. As to the occurrence of an electiical 
change of very considerable magnitude, such as has been most 
beautifully measured by Gotch and Burch, there is no question. 
This in fact is the onl}- kind of change which has been found 
to accompany the transit of a nervous impulse. The point, 
therefore, which has seemed long to Hermann and others of 
capital imjHjrtance should be stated boldly. No matter what may 
be the cofnplde change at each excited point, its transference from 
point to point is accomplished by electiical agency. To this state- 
ment the absence of any temperature change enables us to 
make an important addition. This excited state which is 
propagated by elecUical change ib certainly not a chemical 
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process such as is attended with a consumptioii of oxygen, nor 
with the transit of oxygen from less stable to more stable 
combination. And this is equivalent to sasring that, whereas 
osygen may play a considerable part in the maintenance of the 
normal state of nerve, it plays no part in its function. We are 
obliged, therefore, to consider the case of nerve apart from the 
case of muscle, where each functional display is attended with a 
production of heat and a discharge of carbonic acid. But is 
this statement as true as it at first sight appears ? In muscle 
function there are two clearl}' separable phenomenn, thr pro- 
pagation of an electrical change and;the conseqiK nt ( oiitraction. 
The propagation of electrical change is undoubtedly a process 
of the same rank as the process studied in nerve. With regard 
to this moiety of muscle function wherein muscle resembles 
nerve, there is likewise no evidence of any production of heat 
or output of waste product. The electrical change is over 
before the occurrence of that functional display which is usually 
thought to be associated with these factors. In the case of 
muscle, when acting as nerve, the facts are obscured by a later 
exhibition of another function. In the case of nerve itself 
the facts are dear. There is nothing but an electrical change 
observable. 

It is not marvellous in view of such evidence that investigators 
have been found bold enough to plan a line of experimental 
attack upon the mysteries of nerve function, based primarily 
upon the assumption that the materials present in nerve are 
important solely as conductors, insulators, dielectrics. This ia 
a very difierent assumption from that underlying the biogen 
molecuk," and yet in this case it has proved of the utmost value. 
If the purely physical concept of nerve function is finally 
set on one side, it will be set on one side as the result of 
evidence collected upon these lines. Some of this evidence 
has favoured such a concept, some of it has ser\'ed materially 
to limit its rang-e. The peculiarities of the electrical conductivity 
of nerve have been closely studied, sometimes deliberately, 
sometimes as a series of data which would one day acquire 
biological uiterest in connection with the characters of proto- 
plasm. Both sets of workers have used the same methods. 
An electrical current is passed through a nerve and data are 
collected from the "polarised" region as also from the extra- 
polar streleheb. For mstance, ui the anodai exLrapoiar region 
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each point nearer to the pole acts as if at a higher potential 
to points more remote; in the kathodnl cxtrapolar region near 
points act as if at a lower potential tbnn points more remote. 

Now, when an attempt is made to explain these facts, there 
is no doubt but that we must first consider .^11 the peculiarities 
of tJie complex arrangement of electrical conductors represented 
by the nerve-trunk. Until that is done few will listen to the 
appeal : let us be simplt^, we are studying life. Physical models 
built of materials of different conductivity have been constructed 
to illustrate the peculiarities found. These models form a 
physical scheme for a simplified conception of the arrangements 
of conductors within the nenre>trunk. The inquiry is then 
pushed further. Can electrical impulses be propagated along 
such models? Certainly. Well then, are we to consider the 
nervous impulse as a phenomenon of a type akin to these? 
Boruttau, assiduous worker upon the electrical phenomena of 
nerve and upon such illustrative models^-that is to say, an 
examiner of both sides of this question — answers in the 
affirmative. 

Now, before deciding the extent of the reliance we will 
place upon this answer, we must note an important fact 
Nervous impulses, whatever their essential nature, are pro- 
pagated by electrical agency. They are also propagated along 
contiguous fibres in different directions without in an^- way 
modifying one another. Nerve-fibres therefore represent 
isolated conduction, nnd, as we have said, this entails electrical 
insulation. That this msulation is by no means perfect follows 
from the fact that electrical currents can be made to traverse 
nerve-fibres, and also that the electrical phenomena occurimg 
W'ithin the fibre are demonstrable upon its surface. It might easily 
be shown, however, that this imperfection as revealed in both of 
these facts is of such a kuid as to conlinn the main statement 
when put in a slightly different form. The sheaths of nerve- 
fibres profoundly modify the motion of electrolytes. It follows 
therrfore, no matter what may be the nature of the excited state 
of nerve^ that the study of the electrical conductivity of nerve 
must be expected to develop information such as will be gained 
from the examination of any set of imperfectly insulated con- 
ductors. The core^model can be foreseen, and its invention 
cannot be at once accepted as revealing essential facts. It is not 
enough to have become acquainted with the insulation of the 
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central conductor. Before committing ourselves to any dogma 
it is necessary to have studied the character of the core. We 
must, in fact, find data upon which to consider the possibility 
that the nervous impulse is no isolated phenomenon, but one 
that has its analogue in the conveyance of excitation from point 
to point within all kinds of cell structures where insulation 
is neitiiei discoverable nor theoretically required. BoruLLau luis 
appreciated this necessity. He has transferred the facts of the 
core-model to the central care. Bat for this transference he has, 
in my opinion, no warrant If the core of the individual nerve- 
fibre does really possess a structural arrangement similar to that 
of the core-model composed of its several parts, that fact has 
yet to be demonstrated. The facts elicited so far are of a 
different order. Boruttau has, so to speak, abandoned a con- 
sideration of the sheath without omitting the very important 
facts for which this structure is responsible from the experi- 
mental data made use of to present the case in this new sheathless 
form. On this, and on other grounds also, we for the time being 
fight shy of this core-model theory of nerve function. 

Do considerations such as this, then, drive us back into the 
arms of the biogen molecules ? Certainly not at present, since 
the needful factors seem at least in great part physical. The 
core has still to be studied as a conductor of electricity, that is 
to say, ris a solution of electrolytes. What are the electrolytes 
of nerve? How are they distributed within the nerve-fibre? 
How is the motion of electrolytes which takes place within 
the core during the conduction of a^nervous impulse to be 
explained ? 

Now if at first sight it seems absurd to treat of this core, 
this strip of protoplasm which is responsible for so much, as 
a solution of electrolytes, let us renieiiiber our treatment of the 
case of the cells in the sweat-gland and in the salivary gland. 
In putting nerve material in such a category we do nothing new 
or unexpected. This criterion " solution " is one to which every 
cell has to be compared, and from it much information illumi- 
nating the basis of function has already been obtained. The 
general considerations which entail this treatment are present 
in nerve as elsewhere. Thus the core exerts an osmotic pressure 
upon the surfaces indosing it, and this pressure is normally 
balanced by the pressure of the solutions outside. Alter the 
character of these solutions ever so little and this is at once seen. 
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Immerse a nerve-trunk in water or in dilute solutions, it becomes 
turgid, and in consequence as rigid as a stick. Immerse it in 
concentrated solutions, it loses in weight and becomes abnor- 
mally crenated and limp. Watched under the microscope 
individual fibres may be seen to undergo corresponding change. 
Passing in review the materials in solution within the core it is 
at once obvious that, as in the case of other tissues also, the 
number of molecules of simple bodies like the inorganic salts 
is overwhelmingly great in comparison to the number of the 
huge protein molecules with which the concept "biogen" is 
inextricably associated. Experiments of this type are of such 
a nature as to g^ive us some knowledge of the number of mole- 
cules within the core, a number to which the inoiiganic salts 
present contribute a share so great that the contribution of other 
matter is negligiUe.^ From such experiments there is promise 
therefore of obtaining a quantitative value for the inorganic 
salts, and that is almost equivalent to the value of the electrolytes 
within the core. Here, then, is a road to the knowledge imme- 
diately required to fill the gap in the data requisite for a proper 
discussion of the core-model theory. It is unfortunately the 
case, however, that this road has been shown not to be a high 
road. The information obtained is not of such direct value 
as it seems, since it has been found that a balance is not 
necessarily obtained by equalising the salt-content of the internal 
and external solutions. Such knowledge, then, is of value, but 
is apprised as only one of the items necessary to a complete 
understanding of the case. 

We expectantly turn, therefore, to another method which 
promises to provide further information as to this core in so 
far as it can be treated as a solution of electrolytes. An 
electrode placed upon the core exposed at a cross-section of 
a nerve-trunk is electrically negative to a similar electrode 
placed upon the uninjured longitudinal surface. This fact is 
with great probability to be assigned to a difference in the 
solutions present in these two situations, and to the nature of 
the membrane formed by the sheath of the fibres, which limits 
the diffusion capable of taking place between the solutions in the 
interior of the nerve-trunk. 

In the concentration cell so formed one of the solutions 

^ Carbonic acid molecules are not considered in this case, since the surfaces are 
pemeable to them. 
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is accessible, its character well known; this is the external 
solution or lymph, which surrounds the fibres and bathes their 
longitudinal surface. Modifications in this external solution 
produce modifications in the electromotive force of the concen- 
tration cell. Such modifications have been carefully studied, 
and it has been shown that they are quantitatively consistent 
with this assumption made as to the nature of the source of 
E.M.F. The external solution being varir^d, the internal solution 
is found to behave as a solution of electrolytes of such constancy 
that the data obtained from one nerve by one variation of 
the external solution are capable of accurate contrast with the 
data obtained from another nerve with another variation. The 
facts are so definite, indeed, that it is possible in this way to 
determine the concentration of a solution, by placing it upon 
the surface of a ner\'e instead of the normal external solution 
and obser\'ing the alteration produced in Llie E.M.F. of this 
concentration-cell. Here, then, is another road along which 
to obtain a knowledge of the internal solution of electrolytes. 
Given one condition it can obviously be made a high road 
to their quantitative determination. If the specific nature of 
these electrolytes were known, then that strength of their 
solution which would reduce this E.M.F. to zero would coincide 
with the strength of the internal solution. In the experimental 
work done in this subject this point has been realised. There 
is evidence, recently strongly reinforced by the use of micro* 
chemical methods introduced by Macallum, that the electrol3'te 
concerned is potassium chloride. Doubtless this point, its 
importance once realised, will be settled by such direct deter- 
minations of the salts in nerve as is now being undertaken by 
Alcock. It is significant of the times and of the ideas which 
have been introduced in competition with such concepts as 
" biogen molecules," that so much effort is being expended upon 
the decision of this question. Assuming this internal electrolyte 
to be potassium chloride, then it has been shown that the 
solution present within the nerve-fibre is of such an extra- 
ordinary^ concentration that it is impossible to think of such 
a concentration as normally present there. Here then we have 
a handsome paradox, but one for which there is possibly a clear 
explanation. 

When nerve-fibres are injured as by a cross-section, they 
are excited. If it is assumed that the excitation is a fatal one, 
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from which the fibres do not recover, there is then present at 
such cross-sections a stationary excitation. Now we have 
shown that the transference of excitation is a matter definitely 
to be set on one side as due to an electrical agency— that is 
to say to a motion of electrol3rtes. Since we must think of this 
motion of electrolytes as produced by an alteration of the 
character or quantity of electrolytes present at an excited pointp 
we may expect to find at a fatally excited point the new or 
additional electrolytes thus known to be characteristic of this 
state. 

There is no evidence that the nature of the electrolytes is 
new. Here we are down upon an old bone of contention. It 
has been suspected that a decomposition ])roccss occurred 
at such injured points attended with an out})ut of carbonic 
acid and waste products of a similar kind. There is, however, 
no acidity to be detected. If there were, the amouiit necessary 
to account for the phenomenon would have to rise to a value 
instantly detectable. This is shown by the fact that this 
injury current, which may be modified by alkali as by any other 
electroljrte, is not annihilated by a value of caustic soda solution 
below o'8 per cent., and that solutions of hydrochloric acid 
may equally well be used for this annihilation. Place this 
beside the fact that it is possible to identify the additional 
potassium evoked by the injury by microchemical means, and 
it seems certain that injury produces not an electrolyte of a 
new character but an additional quantity of such electrolytes as 
were already present A study of the injury current therefore 
may be taken to have revealed the existence of a solution of 
extraordinary concentration in the excited refp^on of the nerve- 
fibre. It seems obvious that excitation may modify the strength 
of the solution present in one of two ways — either by withdrawal 
of water for combination with some more solid material not 
to be reckoned as part of the "solution," e.i^. in a solid phase, 
or by release of potassium salt from under cover of some 
such solid phase into tlie quantity of material to which the 
general character of "aqueous solution" is due, or from some 
state of chemical combination. 

The terms in whicii the last sentence are couched are the 
result of a microscopical study of the core of the ner\'e-fibre. It 
is impossible long to pursue a study of nervc-libic structure 
without being impressed by the colloidal character of the 
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solution within the core. On immersing fibres in solutions 
of different concentrations attention is at once drawn to 
the precipitations and re-entranoe into a state of solution of 
the colloid material present Such variations have also been 
observed by Hober in nerve-fibres treated with solutions of 
electrolytes, and have been inferred as of probable occurrence by 
Matthews, Greeley, Loeb, Lillie; and others. Nor is there any 
need to vary the character or concentration of the surrounding 
solution to observe these effects, since a distribution of varied 
states of colloidal solution is discoverable in nerve-fibres 
immersed in the solution usually first made use oi, such as 
" normal saline " or " Ringer," solutions somewhere about 
the concentration of a decinormal solution. The states thus 
observed have a definite relation to injury and to the injury 
current which arises from it. At the cut end, the source of 
this current, there is some precipitation of colloid matter from 
solution; this portion is limited by a stretch of limpid solution^ 
and this is again succeeded as we reach kathodal points, where 
the current is leavmg the nerve-fibre to enter the surrounding 
solutions, by successive tracts showing greater and greater 
degrees of precipitation. 

But tliis is an observation prcgnaiiL with suggestion, since 
the conditions present at " kathodal points " are as of great an 
interest as those present at the injured region. If there were 
hesitancy in postulating something of the nature of excitation 
as influencing the conditions due to injury, there can be none in 
case of the kathode. The institution of the kathodal condition 
has been shown to be the cause of that excitation which follows 
the admission of an electrical current into a nerve. During the 
closure of the current the whole region of the kathode is in a 
state of increased excitability. It is significant, therefore, that 
at such points there is again a visible alteration in the core. The 
importance of this fact is enhanced by microchemical proof that 
in this district also there is present a solution of a potassium 
salt of much greater concentration than that to be found in any 
other part of the nerve-fibre except the region of injury. There 
is therefore some basis for the statement, that of czrry exciied 
p()i)it there IS a euars'T di^^re^^d/ion of colloid viaterial, accompanied 
by the appearance of a new quantity 0/ potassium salt in a state of 
sifnple aqueous solution. 

Apparently, therefore, the facts discoverable under these 
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headings of "injury" and "kathodal state," and the circum- 
stances inferred from this as characteristic of excitation, are 
of the same order as those observed as a consequence of 
the excitation of extracellular material — as, for example, in the 

case of bone matrix, in which the setting of the matrix was 
attended with a demonstration of calcium salts. 

It is necessary to explain at this stage an omission, which 
to the expert may seem of much aecount, namely, the absence 
of any reference to the finer details of the minute structure of 
the core. Histologists, whose views of structure are too fre- 
quently obtained from tissues altered by the precipitating 
effects of " fixatives," describe in this core long lines of a more 
refractive maltrial which run parallel one with another and are 
separaied b}^ and surrounded with material of a simpler kind. 
The critic may say that the considerations which have taken 
US within the core should have taken us further. The point 
assumes importance since from several sides these neurofibrils 
have been accredited with the functions of the fibre. I have 
myself made theoretical use of such structures, but have been 
compelled to abandon them in consequence of a prolonged 
acquaintance with the appearance of nerve-fibres immersed in 
the fresh state in simple saline solutions. Neurofibrils are not 
seen under such conditions. This being the case, their admis- 
sion into the summary of experimental evidence is hardly 
justified. It will be remembered that in the case of bone- 
formation fibrils are precipitated in the material as it sets, and 
that their arrangement is possibly assignable to forces in action 
at the moment of setting. It is possible that neurofibrils are 
similarly formed. If so, it is also possible that they are formed 
at a time when the setting of the colloidal solution of the 
nerve-fibre lias attained a degree not arrived at during normal 
functional life. 

Here at last, at the end of the evidence, one feels the demand 
for a constructive policy to guide further experimental work. 
If biogen molecules and "ion proteit]:3 " — the latter representing 
a concession, it is true — obscure many points of physical interest 
111 the structure and function of nerve-fibres, and if the core- 
model theory is set on one side whilst a debate is arranged as 
to the nature and meaning of neurofibrils, what conception can 
be placed in their stead? Is there any "opening" along which 
the game can be further played with as much success as along 
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the openings thus discredited? This is a claim which I have 
ventured to satisfy. 

Let the strip of protoplasm forming the core of the nerve* 
fibre be thought d not as a homogeneous mass of similar 
molecules, but as a soitetitm in which co-ezist molecules of very 
different sizes and kinds. For simplicity let us fix our attention 
upon two kinds of molecules ejdiibiting these differences in 
their utmost extreme — one kind large colloid molecules tending 
to form aggregates, the other kind minute inorganic salt mole- 
cules and ions mutually avoiding one another but tending to 
be drawn into association with colloid aggregates. Imagine 
also that a certain average size of aggregate represents the 
normal condition of colloid solution in the nerve-fibre, but 
that departures from this average occur as a consequence of 
physical change or stimulation. The observation of precipitates 
at excited points justifies the hypothesis that an increase in 
this average size is a characteristic of excitation. Now let us 
suppose that these aggregates or solid phases, or — less correctly, 
but offering a readier picture — solid particles, attract the salt 
moitreales to their surfaces, so that layers of a condensed salt 
solution are found thereon. It follows that, when excitation 
takes place and the number of solid particles is diminished, they 
in this new condition must oiler a smaller total surface for the 
retention of such a condensed solution of inorganic salts. As a 
consequence a new mass of inorganic salt will have found its 
way into the general bulk of aqueous solution surrounding the 
colloid masses. We thus obtain a picture of the excited state 
in a form which satisfies all the experimental evidence, and the 
picture at the same time lends itself to a clear representation 
of the mode of propagation of the excited state — i.e* nerve 
impulse. To ensure the propagation of such a state in the 
manner observed in nerve, all that is necessary is to postulate 
that the exciting negative anion of the inorganic salt present 
should have a greater velocity than the positive kation. The 
salt is unmasked, it diffuses, the next segment is rendered 
negative, desolution accompanied by the unmasking of a further 
quantity of salt in this new segment, further diffusion, etc., etc. 

Now if I am asked at what rate this change would be 
propagated — and this is a question of great importance — 
unprovided myself with more than vague uncertain mur- 
miirmgs 1 deliberately steal another's thunder. W. Sutherland 
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bas conceived a physico-chemical explanation of the nature of 
the state of colloid solution, and of the nature of the nervous 
impulse. The molecules capable of entering the state of coUoid 
solution are possessed of pairs of unsatisfied valencies carrying 

equal quantities of electrical charge of opposite sign. By reason 
of this quality these molecules can unite with one another to 
form giant molecules in which the nripnal units arc seen as 
" semplars " joined end to end or side to side, forming a long 
frame, around which and in the intrrstices of which the solvent 
lies. These giant molecules, and tiie core of the nerve-fibre 
is one such, being elastic respond to a shearing strain by the 
transmission of motion along the mass of the molecule. This 
transniiu f d state represents the nervous impulse, and at first 
appaiLiilly by a purely mechanical conception. But in the 
propagation of this strain opposite electrical charges are 
supposed in each segment of the molecule to be moved one 
upon the other. Upon such a basis Sutherland has worked 
out the probable rate of transmission of such a process* and 
finds it of the same order as the transmission rate of the 
nervous impulse. To me it seems that the mathematical treat- 
ment of this hypothesis involves considerations of exactly the 
same rank as those involved in the hypothesis I have advanced 
The alteration supposed to occur in the colloid aggregates 
compares with the molar charges assumed to occur in the frame- 
work of the giant molecule, and there is the exactly analogous 
displacement of electrical chaiges» and in both cases that is all 

Should Sutherland's conception of the nature of the nmous 
impulse, or should mine^ appear too bald or too far removed 
from considerations of biological rank, I would suggest that 
this function of transmitting change is of all the functions of 
living matter the most widespread and the most simple. It 
is probable that a similar change is transmissible within the 
limits of every cell in the body. This fact — and I would make 
bold to say that it is a fact — is frequently lust sight oi in 
admiration of the complex results obtained as a consequence 
of the transmission of these changes into districts where more 
complex happeinngs occur. The conducLiun of nervous impulses 
is sometimes discussed side by side with the precise value of 
states of consciousness, although there is no evidence that the 
actual process by which change is propagated has altered in the 
course of development from the protozoon to man. 
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THE YEAR'S VERTEBRATE 
PALEONTOLOGY 

BY R. LYDEKKER, F.ILS. 

The following article is written on very similar lines to the 
one dealing with the tanoie subject in this journal a year ago; 
and the introductory remarks in the latter will in the main 
apply in the present instance. It may, however, be well to 
repeat the statement that the pubhcations referred to do not 
(and from the nature of the case cannot) represent anything 
like a complete record of the year's work in the palaeontolo^ 
of vertebrates. They are, in fact, merely the more important 
of those which have come under the writer's personal notice 
up to the date of sending the proof of the article to press. 
The opportunity has been taken to refer to a few papers 
published in 1906 which had not come to hand when the 
article for that year was compiled. 

As was the case last year, there appears to be no startling 
or epoch-making discovery in this branch of palaeontology to . 
record; although a large amount of valuable work, either in 
describing new forms, or (which is at least equally important) 
adding to our knowledge of those already known to science, 
has been accomplished. From the standpoint of geographical 
distribution, the most important event of the year in the 
present department of science is undoubtedly the discovery 
of remains akin to the golden moles of Southern Africa in 
the Tertiary rocks of North America ; a discovery which 
largely aids in explaining the anomalous distribution of this 
and the kindred families of the Insectivora. 

Commencing with papers dealing with stratigraphical and 
faunistic palaeontology, reference may fir^t of all be made to 
one by Prof. H. Osboni, published in the Bulletin oi the 
American Museum of Natural History, vol. xxiii. p. 237, on 
the Tertiary mammalian horizons of North America. Although 
confessedly a preliminary introduction to a fuller work, this 
paper gives much valuable information with regard to the 
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correlation and geological ages of the various beds; a notice- 
able feature being the introduction of diagrammatic sketches 
of typical local sections in the Rocky Mountain basin and the 
Bad Lands of Nebraska and Dakota, by means of which the 
equivalence of the various strata can be seen at a glance. 

Closely connected with the foregoing is an artide in the 
May number of The American Jtmmal of Sciencet by Mr. F. 
B. Loomis, on the probable mode of origin of the Wasatch 
Eocene deposits. The relative scarcity of fish-iiemains forbids, 
in the authoT^s opinion, the view that these beds were deposited 
in lake-basins. Nevertheless the occurrence of remains of 
crocodiles, freshwater terrapins, and fishes in sufficient numbers 
to make up lo per cent, of the whole fauna, would be very 
remarkable in strata of seolian origin ; and the presence during 
deposition of a certain amount of water seems therefore to 
be essential. It is accordingly suggested that the Wasatch 
beds were laid down on plains subject to periodical inunda- 
tions ; confirmation of this being afforded by their iitbological 
constituents. 

Californian cavern exploration has been continued by Mr. 
E. L. Furlong, who in a note to the March number of 
Science communicates the results of a pieliminary examina- 
tion of a cave near Auburn. The remains found included those 
of the ground-sloth Mvirdlouyx, as well as of pumas and 
horses ; but no traces were discovered of the extinct ruminants 
EueeraikBnum and Preptoceras characteristic of the Shasta caves 
explored by the same gentleman a few years ago. 

In a paper published in the Annals of the Carnegie Museum, 
vol. iv. No. I, 1906, Mr. O. A. Peterson describes a number of 
new mammals from the Miocene of Nebraska and Wyoming. 
Several of these belong to the group of oreodonts or mery- 
Goidodonts (the " ruminating hogs " of Leidy), but there is also 
a primitive camel, as well as a dog-like carnivore of the genus 
Ampku^on, The Miocene fauna of South Dakota has occupied 
the attention of Dr. W. D. Matthew, who has published the 
results of his investigations in the BulUtin of the American 
Museum of Natural History. The contents of this paper are 
noticed later. 

In Europe Dr. Max Schlosser, in the Ncurs Jahrbitch (1007, 
vol. ii. p. i), has given descriptions of fossil mammals from the 
Pliocene of Spain, with observations on the line of division 
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between that epoch and the Miocene. A similar service has 
been accomphshed by Mr. F. Roman {Comm. Geoi. Portugal, 
1907) in regard to the mammalian fauna of the later Tertiary 
strata on the right bank of the lower part of the Tagus valley. 
In addition to remains of Mastodon, Hipparum, etc., the author 
has described those of an apparently new species of rhinoceros. 
Notices of later Tertiary mammals from Hungary will be found 
in a paper by Mr. W. GqU, and others, published in the 
MtHeiiuMffen Ungur. geol, jinsktU^ vol. ziv« p. 285. Similar brief 
mention will suffice for a paper by Mr. A. Zdarsky on the 
Tertiary mammal fauna of Eibiswald, published in the Jakrhtsch 
of the Austrian Geological Survey (vol. Ivii. p. 437). 

A work of an altogether unique type is Mr. Charles Deperet's 
Les TmnsforfitaHons du Monde Animal (Paris, 1907). Its main 
object is to discuss our present knowledge of the laws regu- 
lating the modifications of animals, from the date of the first 
appearance of life on the globe to the present day. After a 
preliminary review of the rise of modern ideas with regard 
to evolution, the author discusses the variability of species 
in space and time, the constituent elements of phylogenetic 
"trees," the causes of the extinction of species, the formation 
of new types, and, finally, the important role played by migration 
in the evolution of faunas. 

During the year the vertebrate fossils of the Fayum district 
of Egypt have attracted American collectors ; and to the October 
number of The Century Magazine Prof. il. 1 . Osborn contributes 
an illustrated article describing his experiences while in search 
of such remains, with remarks on the nature and origin of the 
&una and their bearing on the geographical distribution of 
mammals. Among the illustrations, attention may be directed 
to restorations of ArsuUtttherium, Hyeenodon, and Zeughdon, 
In Eocene times the FayOm, in the author's opinion, was a 
savanna-country, partly open, partly covered with scrub, and 
partly with forest; the temperature being much the same as 
at the present day. That Africa (then much less extended to 
the north than at the present day) was the home of the 
ancestral proboscideans, sea*<ows, hyraxes, and probably 
hyaenodonts, Prof. Osborn is convinced; but the absence in 
the Eocene deposits of remains of primitive hippopotamuses, 
ruminants, horses, and rhinoceroses, leads to the further 
inference that "none of these quadrupeds bad as yet reached 



Digitizea by Google 



504 SCIENCE PROGRESS 

Africa ; that they were evolving elsewhere, either in Europe, 
Asia, or North America, and preparing for the great inter- 
change of life which would occur when Africa should again be 
connected with the other continents." 

The explorations carried on in the Fayum by Dr. C. W. 
Andrews resulted in the acquisition of a few specimens of 
interest, one of which (as mentioned in T/ic Graloirical Mngn^me 
for March) served to demonstrate that the sii[)p()sed genus 
Phio})iia is really based on a portion of the iu^vcr jaw of a 
young individual of a species of the proboscidean genus 
Pakvomastodon retaining the milk-teeth. Very curious is the 
discovery of the existence of a huge globc-Iike chamber on 
the side of the lower jaw of Gtniohyus, which in life may have 
contained a gland. There are certain indications that this 
genus, which was originally regarded as one of the Suidfle, 
may be related to the hyraxes— an interpretation which would 
accord best with Prof. Osbom's view. The existence in the 
Fayum Eocene of remains of a large bird related to the herons 
18 a discovery of considerable interest. 

Egypt is, however, by no means the only part of Africa 
from which discoveries of fossil vertebrates have been recorded 
during the period under review ; and from the fact that mam- 
malian remains have been described from three distinct localities 
at the opposite extremity of that continent, we may expect in 
the future to obtain further important information with regard 
to the past history of the South African fauna. The first of the 
papers referred to is published in the final report of a recent geo- 
logical survey of Natal and Zululand, in whicli i)r. W. B, Scott, 
of Princeton, New Jersey, gives a description of the two last 
lower molars of an extinct elc|)hant obtained, in company' with 
remains of rhinoceros, hippopolarnus, and antelopes, from a 
deposit of late Tertiary age in Zululand. The elephant, for 
which the author proposes the name Elephas zulu^ has the 
constituent plates of its molar teeth more numerous and thinner 
than those of the existing African species, i liey are described 
as being to a great extent intermediate in this respect between 
the latter and those of the extinct European and Asiatic E, ani^ 
quus ; but according to the figures they' seem much nearer the 
molars of the species last named. It is suggested that E» mdu 
may have been the ancestor of the living E, afrkanus^ in which 
case it would almost be imperative to regard the molars of the 
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latter as being of a degenei^te type. This question requires 
careful consideration; but» apart from this, the discovery is one 
of great interest. 

The diamond-diggings at Kimberley are the place of origin 
of the second batch of remainsi which have been described by 
Dr. E. Fraas of Stuttgart in the Zeits. deutsch. GeoL Ges. for 

u)0/ (pp. 232-43). The specimens include an imperfect masto- 
don loolh, probably helong'ing to the same species as the one 
described last year from Bai kley West ; and likewise other 
teeth referable to a zebra, a hartebeest or blesbok, and a hippo- 
potamus. In most instances no attempt is made at specific 
determination, but the author refers the hippopotamus remains 
to a large race of the common African species. 

The third discovery, reported by Messrs. F. Mendell and 
E. C. Chubb in The Geological Magazine (pp. 443-8), relates to 
Rhodesia, where remains of existing African mammals have 
been found associated with stone implements of a palaeolithic 
type. 

Passing on to a survey of papers devoted more or less 
exclusively to particular groups of mammals, brief reference 
must suffice to one by Dr. F. Amegbtno of Buenos Aires in 
which the author claims man to be of South American origin^ 
his ulUmate ancestor being the Tertiary opossum-like genus 
Microbictkmum, Such a phylogeny is not likely to be accepted 
by naturalists. This paper was published at La Plata. 

In March Mr. H. F. Standing read a paper before the Zoo- 
logical Society of London on extinct Malagasy lemurs, in which 
he discussed their relations to living lemurs and the higher 
Primates. The remains were obtained in the muddy bed of a 
swamp formed by the blocking-up of the River Mazy by a 
lava-flow, at from a few inches to three or four feet belo^^' the 
surface. They consisted of a large number of skulls and limb- 
bones of lemurs and lemur-like animals. This material enabled 
the author to corroborate the view, previously put lorward by 
Dr. Forsyth Major, that the extinct lemurs of Madagnsrar were, 
in many resj)ects, intermediate between existing Umurs and 
monkeys, and to express his belief that New World monkeys 
and the LemuiuUe, as well as the Malagasy iudiisinae, had a 
common origin. He also stated his opinion that, in view of 
recent additions to our knowledge of lemuroids, and from the 
evidence of the new collection as to their close relationship to 
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apes, it was no lon^rer possible to separate the Primates into 
the suborders Lemuroidea and Anthropoidea. The full text of 
this communication was not published at the time when the 
present article was written. 

Practically nothiner has been accomplished during the year 
to add to our scant knowledge of the past history of bats. It 
is true that Mr. G. E. Mason, in the September issue of The 
Annals and Magazine of Natural History, described the remains 
of a supposed new fruit-bat from Round Island, near Mauritius. 
These remains occur in a guano-deposit, and appear to be very 
recent ; and in a note on Mr. Mason's communication published 
in the October number of the same journal, Dr. Knud Andersen 
pointed out that they appear to be inseparable from the existing 
Pteropus rodrieensis. 

On the other hand, some very important evidence has been 
obtained with r^ard to the palaeontology and past distribution 
of one group of Insectivora. The golden moles (Chrysochloridse) 
form at the present day a group entirely confined to Southern 
and South^Eastem Africa, whose nearest relatives are apparently 
the tenrecs of Madagascar. An extinct Patagonian insectivorous 
mammal (NecroUstes) has, however, been regarded as a member 
of the same group; and, more recently, Dr. W. D. Matthew 
{Science, December 14, 1906, and Bull. Amer. Mus. Nat. Hist., 
vol. xxiii. art. 9, 1907) has announced the discover}' in the 
Miocene strata of South Dakota of the remains of what he 
regards as an undoubted golden mole, although referable to 
an extinct genus {Arctotyctes). The author also considers that 
the North American Tertiary genus Xenotheritmi, previously- 
regarded provisional!}^ as a monotreme, is a member of the 
same group. If the identifications be trustworthy, the discovery 
is of much interest from the standpoint of geographical distribu- 
tion. Altliuugh its bearings cannot be fully discussed here, it 
refutes the idea that the Patagonian NecrolesUs affords any 
evidence in favour of a former Antarctic land-connection between 
Africa and South America. 

In the paper on the Lower Miocene fauna of South Dakota 
referred to above, Dr. Matthew, in addition to describing certain 
new species, discusses the relationship of the Tertiary Canidse 
to their existing representatives. In his opinion the Old World 
Cyan and probably the South American Speothos {fcHeym) 
are derived from Temfiocyan of the John Day Tertiary; the 
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characters of the skull and skeleton conhrming the evidence 
afforded by the dentition. The more typical South American 
Canidse appear, on the other hand, to be the nearest living 
representatives of the middle Tertiary Noihocyon and Cytto- 
desHius ; Mesocyon being slightly oflf the line in the direction of 
Temnocyon. 

The generally accepted classification of fossil Canidae is, 
moreover, in the same author's opinion, misleading; more 
especially the association of the genera Cephalogale^ Stmocyon, 
Oligobunis^ Enf^drocyon^ and Hydrwyan in the single subfamQy 
Simocyonime. The two last-named genera are, for instance, 
probably not separable, and together with Philotrox appear to 
be related to Temtux^on^ and so with the modem Cyan ; while 
OUgohmis is probably referable to the Mustelide. Again, 
CephahgaU, which has been regarded as ancestral to the bears, 
seems rather, judging from dental characters, to be related to 
the typical members of the family (Caninse); such aberrant 
features as it possesses in this respect being to some extent 
paralleled in Cynodesmus. 

Here it may be well to quote a very important note on 
classification generally appended iby Dr. Matthew to his obser- 
vations on extinct dogs. It appears, he writes, " obviously 
improper to separate two closely sWwd genera or species because 
they are destined to give rise in the future to two distinct 
famihcs, in the opinion of the investigator. So far as classifica- 
tion and nomenclature are based upon the facts of structural 
resemblance or difference, they are permanent, but the attempt 
to make families, genera, or species correspond with hypothetical 
phyla is not only misleading but destructive of any approach 
to uniformity or permanency of arrangement." 

These remai ks the present writer may take the opportunity 
of endorsing. An attempt has been made to introduce such a 
phylogenetic classification in the case of the early Perissodactyla, 
and the genera Hyracothmum and Systemadan, which are 
obviously Jiear relatives, have been referred to distinct families 
on account of the presumption that while the one is the ancestral 
form of the horse tribe, the other has given origin to the tapirs. 

Dr. Matthew, as already mentioned, transfers Ol^io^is, which 
had been regarded as ancestral to Spetx^toSf to the Mustelidse. The 
short muzzle lacks the constriction in front of the carnassials 
distinctive of the early Canidae, and the other dental features. 
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especially the presence of a distinct notch between the blades 

of the lower carnassial, are of a musteline type. Very interest- 
ing is a short-jawed musteline described as Megalictis, with 
teeth intermediate between those of Oligobunis and the living 
Guio and Alc/iivora, to which latter it appears nearly related. 

Certain new rodents, some referable to the well-known 
beaver-like genus Steneofiber, and others to the allied EuJiapsis, 
are also described by Dr. Matthew; but these may be passed 
over without further notice. 

Of more general interest is Epigaitlns, a new horned rodent 
from the Miocene of Kansas, described by Mr. J. W. Gidley 
in the Proceedings of the U.S. National Museum (vol. xxxii. 
p. 627). It is the most specialised member of the Mylagaulidae 
yet discovered, .with the large nasal horns placed just in front 
of the orbits. Mr. Gidley concludes that while this extinct 
group of specialised rodents has some remote affinities to the 
beavers (Castorida^) and a nearer relationship to the squirrels 
(Sduride) it has a greater number of characters in common with 
the sewellels (HaplodontidaeX and also shows certain resem- 
blances in general proportions to some of the Asiatic mole-rats 
(Spalacidae). The latter, however, seem due more to modification 
of the skeleton for burrowing than to real relationship. In 
tooth-development the Mylagaulidse have surpassed in specialisa- 
tion the other Sciuromorpha, and could not have been ancestral 
to any of the living forms. 

Squirrel-like rodents of the genera Paramys and Scmravus, 
from the Eocene deposits of the Wasatch and Wind Rivers, have 
been described durmg the year by Mr. F. B. Loomis {Amer. 
Journ. Sci. for February). Both genera are nearly related ; the 
former, at any rate, exhibiting many squirrel-like characters, and 
being probably one of the ancestral types of the modern family. 

The extermination of the urus, or aurochs — the ancient 
European wild ox {Bos taurus priviigenius) — forms the subject 
of a very interesting paper by Dr. A. Mertens published in 
the Abhandlungen und Beriehte of the Magdeburg Rluseum. The 
author confirms the opinion lhal the name aurochs belongs to 
this anunal, although it has been misapplied to the bison. It is 
likewise certain that in the time of Herberstain (the middle 
<^ the sixteenth century) aurochs were living in Poland, and 
were seen alive by him ; and, according to other testimony, 
a hetd of thurty was living in the Jaktorowka (or Wiskitki) 
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forest of the Masovia district of Poland in the year 1564. By 
1599 the number was reduced to twenty-four, while in 1602 only 
four remained, these being reduced in 1620 to one cow, which 
appears to have been killed seven years later. A few half- 
domesticated individuals were, however, living in captivity in 
1627. Herberstain's statement that the aurochs was typically 
black, with a light dorsal streak, is accepted. Other evidence 
tends, however, to show that there were grey aurochs in Poland, 
and red ones in Central Germany. This is not the only paper 
on this subject published during the year, as Dr. M. Auerbach, 
in the Verhandlungen der N atwnvisscnschaftlichen Vereins of 
Karlsruhe (vol. xx.) has g^iven descriptions of a number of 
remains of both the urus and the bison preserved in the museum 
of that city. 

Little appears to have been contributed during the year to 
our knowledge of the past history of the deer tribe. A con- 
siderable collection of antlers of reindeer and elk from the 
Pleistocene of Olai, Livonia, has, however, been described by 
Mr. G. Schwedcr, in the Korrespondeu zblatt naturf. Vcrcins of 
Riga, where it is pointed out that in 1S31 the name of Cerjus 
gallinus was suggested by Fischer for the fossil elk antlers from 
this district If, therefore^ the European elk be eventually split 
up into local races, this name will have to be considered. 

In the article on vertebrate palaeontology contributed to 
Science Progress a year ago, reference was made to Dr. 
Lonnberg^s opinion as to the near relationship of the ^ Irish 
elk" to the reindeer, and to certain arguments which had been 
advanced against that view. These arguments have been 
endorsed and strengthened in a note contributed by Dr. R. F. 
Scharff to the May number of The Irish NaHiralisf. 

If the work on fossil Cervidae has been small and unimportant, 
that accomplished in America in connection with the extinct 
ruminating oreodonts, or merycoidodonts, and fossil swine has 
been extensive. Some of these merycoidodonts are described 
in the paper by Mr. Peterson alrcad}" referred to ; but by far 
the most interesting is one from the Miocene of Nebraska, for 
which Mr. E. Douglass {Annals of the Carnegie Museum, vol. iv. 
No. 2, 1907) proposes the name of Pronomothcriuni. The skull 
is characterised by its shortness, the presence of a small pair 
of horns above the orbits and of a large cavity in advance of 
the same, as well as by the extraordinary depth of the hind part 

33 
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of the lower jaw. In the opinion of Mr. Douglass, the owner 
of this skull was furnished with a proboscis of considerable 
length. The development of horns is probably a sign that 
the genus belonged to a decadent, or over-specialised, member 
of the group. Another member of the same genus is described 
by the author in the BtdUiiii of the American Museum, vol. xxiii. 
art. 32. Skull.s of a number of other forms of these curious 
"ruminating hoj^s " are described in the same two papers, but 
since they belong to well-known genera, further mention is 
needless. 

The work on the swine group is suggestive of somewhat 
unnecessary genus-making. In a paper published in the 
Miiuoirs of the Carnegie Museum (vol. ii., No. 8) Mr. O. A. 
Peterson described a peccary from the Miocene of Nebraska 
under the name of Thinohym shuxensis. According, however, 
to Dr. Matthew, Tkinokyus is inseparable from the White River 
genus Perchcerus; but instead of referring Peterson's species to 
that genus, he proposes the new generic name Desmaihyus for 
a more or less closely allied animal, and regards " Tkinokyus** 
shuxensis as a primitive aberrant form transitional from Per- 
chcerus. Surely in such a case it would be better to include 
all three forms in one genus. In these Miocene and Oligocene 
peccaries there were three pairs of upper incisor teeth, instead 
of the two of the modern DicofyUs', but in some of the Miocene 
species the outer pair is much reduced in size. These later 
Miocene forms also agree with modern peccaries in having 
the tympanic bulla of the skull filled with cancellous bony 
tissue, whereas in the typical Perchcerus it is empty. 

The evolution of the horse and the mutual relationships of 
the different domesticated breeds are subjects which continue 
to attract the attention of nivestigators on both sides of the 
Atlantic. Dr. R. S. Lull has drawn up a useful summary of 
the main facts connected with the evolution of the horse family, 
which first appeared in the March number of The American 
Journal of ScUfice^ but has been reprinted in pamphlet form 
as a guide-book to the collection in the Peabody Museum at 
Vale Univeibily. Prof. J. C. Lvvart, on the other hand, has 
devoted his attention to a large series of horse-skulls discovered 
in the Roman fort at Newstead, near Melrose, and published 
the results of his investigation in the TransacHoHS of the Royal 
Society of Edinburgh, with a summary in an article in the 
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April number of The Quarterly Review. On the eviJeiice of 
these skulls Mr. Ewart proposes to recognise three types of 
domesticated horse, severally distinguished by the degree 
of inclination of the face to the basal axis of the cranium. 

During the year Dr. Ameghino has published in the Anaies 
of the Buenos Aires Museum (vol zvi.) a figure of the skeleton 
of Hippidium^ a small extinct South American horse remarkable 
for the great length of the nasal bones and of the slits by which 
they are separated from the adjacent elements of the skuli A 
model of the skeleton from which Dr. Ameghino's figure is taken 
has been installed in the British Museum (Natural History). 

A new rhinoceros from Portugal has been named by 
Mr. Roman in tlic paper cited above, and Mr. F. Toula 
{Jahrb. GeoL R$ichsamtaUy vol. IxvL) records a new variety 
of Rhinoceros nurcki from Austria. 

Brief mention may here be made of another paper by 
Dr. Ameghino in th'j serial just quoted, where it is pointed 
out that the slcuils of some of the South Ameriean toxodontS 
are furnished with rudimentary horn-like prominences. 

As regards the |)roboscidean group, reference has already 
been made to the discovery of an extinct elephant and mastodon 
in South Africa ; and it should be added that Dr. Schlosser, 
in a paper quoted above, has recorded remains of Masiodon 
lougirosiris from the upper Tertiary of Spain. To the energy 
of Miss Dorothea Bate science is indebted for the discovery 
of remains of a pigmy elephant {Elepluis cneiensis) in the 
caves of Crete; these having been described and figured by 
their discoverer in the August issue of the Zoological Society's 
Proaedings. To the exhibition galleries of the American 
Museum has been added a complete skeleton of the Columbian 
mammoth) discovered in Indiana in 1903. According to a pre- 
liminary description by Pro£ H. F. Osbom published in the 
BuUeUn of the American Museum (vol xxiii. p. 255), the 
mounted skeleton stands 10 ft. 6 in. at the shoulder. The 
largest known tusk of this species or race of mammoth 
appears to be one referred to in Science for 1907 (vol. xxv, 
p. 971) by Mr. C. H. Sternberg, of which the exposed portion 
measured 14 ft. in length, with a basal diameter of 8 in. 

Of the few papers on fossil cetaceans which have come 
under the writer's notice, one b}^ Mr. V. W. True, issued 
as No. 1694 of the quarto series of publications of the 
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Smithsonian Institution, is devoted to an imperfect skull 
obtained in 1847 from the Eocene marl of the Ashley River, 
South Carolina. In the year of its discovery appeared a 

brief account of the specimen by Mr. M. Tuomey, who referred 
it to Zeuglodon ; and two years later it was named Z. pygmcnts 
by Prof. J. MOller. The specimen afterwards came under the 
notice of Prof L. Agassiz, who caused a plate to be prepared, 
with the lettering Pffx'odoji liolmcsi) but for some reason this 
plate was never issued, and in 1895 Prof. E. D. Cope referred 
the specimen to a new genus, under the name of Agoyophius 
pygmaiis. Despite the fact that when first figured the specimen 
had a single Squalodon-\\\iQ tooth in the maxilla, a suggestion 
was made that the species might be an ancestral rorqual. 
In Mr. True's opinion, Agorophius is, however, a squalodont, 
differing in cranial characters from Squalodon itself. The 
European Squaiodon ehrUchU has a broad rostrum recalling 
the Carolma genus, and may be a connecting link between 
SquahdoH and Agorophms, The type specimen of another 
American Tertiary cetacean— ^nd^/oiiassa fomp€aa-^K9& also 
been redescribed by Mr. True {BtdL Mus, Zoai, Harvard CoU., 
vol. IL p. 97), who regards it as representing a member of the 
Physeteride allied to the modern Mesoplodon, The rarity 
of cetacean remains in the Eocene clay of Barton, Hampshire, 
fully justifies Dr. C. W. Andreas in describing {Quart, Joitm. 
Geol. Soc.f vol. Ixiii. p. 124) a vertebra of ZeugMan wanklyni; 
this being the third known specimen of that species. Of the 
two earlier ones, the second was incorrectly referred to a 
rorqual, under the name of Bafcvonoptcni juddi, Of greater 
importance is a memoir by Dr. O. Abel, published in the 
Denkschnfkn of the Vienna Academy (vol. Ixxxvi.), nn the 
rudimentar}'- pelvis of cetaceans. At the conclusion of this 
memoir the autlior points out that the development of a caudal 
fin in cetaceans and sircnians has rendered a functional pelvis 
superfluous in both groups. Among cetaceans and dugongs 
the reduction has followed parallel lines, culminating in a 
retention of portions of the ilium and ischium. On the other 
hand, the niaiiatis have followed a line of their own, and have 
retained only the ischium. 

The only important work on fossil marsupials which has 
come under the writer's notice is an attempt by Dr. E. C. 
Stirling {Nature^ vol Izzvi. p. 543) to restore the external 
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form of DiprotodoH. As regards general contour, Dr. Stirling 
has followed the lines of a wombat, although with a certain 
increase in the relative length of the limbs. Smce, however, 
the teeth and fore part of the skull are of the kangaroo type, 
with some indications of a greater development of the soft 
parts of the nasal region, the peculiar puffy and cushion-like 
muzzle of the kangaroo has been introduced, in a somewhat 
accentuated degree, into the restoration. 

Dr. Broom's recent work on the ancestry of mammals 
receives mention at the end of the section on reptiles. 

Work on fossil birds during the period under review 
appears, as usual, to have been but small, The discovery 
of a leg-bone of a heron-like species in the Eocene of Egypt 
has been nirfndy mentioned. Another lower Tertiary bird 
has been identified b}' Dr. O. Abel {Cctitralhlatt fur Miner alogU^ 
1907, p. 450) in the shape of a large coracoid from the upper 
Eocene of Choctaw County, Alabama, which had been mistaken 
for a zeuglodont bone. That this bird, for which the name 
Alahantomis gis^antea has been sug^gested, was of huge size, and 
therefore flightless, is certain ; but whether it was related to 
Diatryma of the North American and Castornis and Remiomis 
of the European Eocene must for the present remain doubtfuL 

In connection with birds, reference may be made to an 
exceedingly able and interesting paper on the origin of flight 
in vertebrates by Baron Francis Nopcsa, published in the 
June issue of the Proceedings of the Zoological Society of 
London. In the opinion of the author, bats and pterodactyles 
are the descendants of fbur-limbed arboreal creatures in which, 
owing to the development of a flying^membrane {ptUagium)^ the 
fore-legs had become to a certain degree adapted for flight, and 
in consequence less well suited for terrestrial progression. 
Birds, on the other hand, are regarded as having been evolved 
from running bipedal dinosaur-like reptiles, in which the front 
limbs, owing to a flapping movem^t, became modified into 
wings, without any concomitant loss of the cursorial power 
of the hind-limbs. It is on account of this superior mode of 
development that birds have outstripped both pterodactyles 
and bats in the contest tor the "command of the air." They 
may be likened to " aeroplanes," whereas their rivals have 
not passed the "air-ship" stage. Baron Nopcsa's paper is 
illustrated with a restoration of a cursorial "proavis.'* 
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From the preceding (jaragrapb we are led by an easy 

transition to pterodactyles, on which group, as represented 
in the upper Jurassic strata of Swabia, Dr. Felix Pheningcr 
has contributed an important memoir to the Stuttgart Paiofon^o- 

graphica (vol. liii., Nos. 4-6). Several beautifully preserved 
skeletons from the Lithographic Stone of Nusplingen and other 
Swabian localities are fig^ured, for one of which the new name 
Rha)tiphorliyiichiis kokoii is proposed. The generic position 
of the English Scaphirhynchus purdoni is also discussed at 
some length. 

Having completed the survey of the extra-European Triassic 
dinosaurs, Prof F. von Huene has commenced in Geolotfisclie 
und Palceontologische Abiiandluni^cu (Jena, 1907) a detailed 
description of their European representatives. The first part 
is devoted to the dinosaurian remains from the Keuper of liie 
NOrenberg district, first brought to notice by Engelhardt in 1834, 
and afterwards referred to Thecodontosaurus and Pakeosaurus 
of Riley and Stuchbury, which were long regarded as a general 
receptacle for Triassic dinosaurs of all descriptions. Dr. von 
Huene refers all the remains described in this part to von Meyer*s 
genus Plateosaurus, of which, in addition to the typical PL engd- 
hardH and PL ptiusiedH, he recognises the new species PL 
mnigm and PL erlenbergUnsis. 

A redescription of the type skeleton of the sauropod 
dinosaur Morosaurus agiUs forms the subject of a paper by 
Mr. C. W. Gilmore in the Proccrd'unys of tlie U.S. National 
Museum (vol. xxxii. p. 151), in which it is suggested, on 
account of the primitive character of the vertebral column, that 
this species may belong to the genus Hoplocanthosaufus, To 
the sauropod genus Peiorosaurus, typified by a humerus from 
the English Wealden, Mr. II. E. Sauvage (Btill. Soc. Boulogne- 
sur-iner, vol. vii.) refers part of a femur from the Jurassic of the 
Boulonnais; also mentioning that the teeth from the same 
deposit described as Neosodm and Caulodon likewise pertain 
to the same genus. 

Dinosaurian remains trom the Jurassic and (?) Cretaceous of 
Madagascar have been described by Mr. A. Thevenin in the 
y liUiii/i's de Paleontolof^ie^ vol. ii. pt. 3, Some of these are referred 
to Bothriospoftdylus iuxiddgascaricnsis, a species described several 
years ago by the present writer ; while others are assigned 
to Tiianosaurus and Megalosaurus. As Titanosaurus is typically 
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from the Cretaceous of Central India, its reappearance in 
Madagascar has an important bearing on the theory of a former 
land-connection between those two countries. 

Great interest also attaches to a couple of skeletons of a 
small reptile from the Trias of Lossiemouth, Elginshire, regarded 
by Dr. H. Smith Woodward {Quart. Journ. GroL Soc, vol. Ixiii. 
p. 140) as representing- a new t3"pe of dinosaur, for which the 
name Sclcro))iochliis taylori is proposed. The pelvis is unlike 
that of the Rhynchocephalia, while the absence of bony armour 
and the apparent perforation of the acetabular cavity of the pelvis 
distinguish the skeleton from the Parasuchia. On the other hand, 
the obser\fable characteristics seem distinctly dinosaurian, and 
appear to indicate relationship with the Triassic American 
genera Ammo^aiirus^ Afirhisaurus, and Hallopus. The large 
skull, apparently toothless jaws, and the hrm union of four 
elongated metatarsal bones are, however, peculiarities of the 
Elgin reptile, which was evidently a specialised type. The 
extreme lightness of the skeleton, coupled with the elongation 
of the hind-limbs, suggests leaping habits. 

Passing on to the Parasuchia, or Phytosauria, we find that 
in America Mr. J. H. Lees has described in The Jcumai of 
Gioie^ (vol. zv. p. 121) a new genus and species from the Trias 
of Wyoming, under the name of Pakforkinm bransani. The 
genus is akin to the American Rhytidodon, from which it appears 
to be mainly distinguished by a difference in t!i form of the 
ilium. In Europe Prof. E. Fraas {Jahnsh^fU Var, Nahtrktmd^ 
IViirUemberg, 1907, p. loi) has made known a new species of 
Aefosanrus from the upper Stubensandstein of Strombcrg. near 
Pfaffenhofen, under the name of A.cnsficmtda. In regard to the 
group to which these reptiles belong, it is remarked that one 
of the most important difterences from the typical Parasuchia 
is the smaller share taken by the ischium and pubis in the 
formation of the acetabulum. This and other differences do 
not, however, necessitate ordinal separation from that ^roup, 
of which the Aetosauria may be regarded as a specialised branch, 
distjriL;uished by the peculiar type of the dermal arniuur. 

1 he acquisition b}' the Belgian Museum of a number of 
vertebrate remains from the Eocene strata of Erquelinnes, near 
Hainault, has enabled Dr. L. Dollo (Bull, Soc, Beige G^oL, 
vol. zzi. p. 3) to describe a new type of crocodile, to which 
he has given the name Easaekus leHchei Although a member 
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of the modem group of the order, this genus, in the less 
backward position of the posterior nostrils, makes some 
approximation to Jurassic forms. 

A memoir on the structure and adaptive modifications of the 
armourless marine Jurassic crocodiles of the genus Mtin* 
orkynchus, by Mr. G. von Artbauber {Beitr. PaL Osf.'Urtg.,v6L ziz. 
p. 287, 1906) has given rise to a considerable amount of discussion. 
In the Centralblatt fiir Mineralogie (1907, p. 225) Dr. O. Abel 
criticised the memoir somewhat severel}^ and published nn 
amended restoration ol the external form of MJcvkcli, in which 
the reptile is represented with flipper-like limbs and a double- 
lobed tail-fin. Later on in the same volume (p. 353) further 
criticisms are published b\' Mr. K. Auer. To all these Mr. von 
Arthauber replied in the Centralblatt (p. 385), where his own 
views are maintained ; while in a second paper he gave further 
details with ret^ard to the structure of the skeleton of the hind- 
limb, directlii- -pecial attention to the arrangement of the tarsal 
bones. iVnoLlicr contribution to the osteology of the genus, 
as represented by M. sitpcrciliosus of the English Oxfordian, has 
been made by Mr. E. T. Leeds in The Geological Magazine 
(decade 5, vol. iv. p. 314), where attention is directed to the 
confusion which has arisen owing to a portion of the coracoid 
having been wrongly described as the scapula. 

Among more typical crocodiles, Mr. R. W. Hooley {Quart* 
Joum, Geid, Soc^ voL Ixiii. p. 50) has described a fine skull and 
other remains of Goniophoiis crussidens, obtained after the &11 of 
the cliff of Wealden strata at Atherfield, Isle of Wight The 
identification by Dr. A. S. Woodward (Lc, p. 132) of the same 
genus, in the form of Hartti, in the Cretaceous rocks of Bahia, 
Brazil, is of considerable interest. 

In the only paper on fossil snakes which has come under the 
writer's noticct Dr. W. Janensch {Arckw, ftr Biantokgk, vol. L 
p. 313) discusses the monster serpent Pterosphenus sckweinfurtitit 
of the Fayum Eocene, and supports the view that it is rightly 
associated with the European PtUctophis in a separate family, the 
Palaeophidae, which is more nearly related to the pythons than to 
the sea-snakes, despite the fact that its representatives were marine. 

Important information with regard to the osteology of the 
ichthyosaurs has been furnished by Dr. C. W. Andrews in a 
paper on the Oxfordian Opthalmosaums leedsi published in 
the May number of Tht Geological Magassine. This species is 
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remarkable for the great variation exhibited by the bones of 
different individuals, this feature apparently indicating that 
these reptiles were in a state of developmental insequilibrium. 
' A restoration of the back of the skull has been attemptedt 
which shows that the whole arrangement is adapted to give 
the greatest possible rigidity to the quadrate — doubtless for the 
purpose of affording a firm support for the long jaws. The 
stapes, whicbi according to the author, has lost its function as 
a bone of the internal ear, is firmly united at one end with the 
bast<Kcipital, whilst its other extremity is fitted into a pit-like 
facet of the quadrate. 

This conclusion as to the stapes (or columella) having no 
connection with the auditory function is disputed by Dr. Louis 
Dollo in a note published in the BulU iin dc la Sociefe Beige cU 
Geologic^ vol. xxi. p. 1 57, who sui^gests that it has a kind of 
secondary auditory function, connected with the diving or 
"sounding" habits of the ichthyosaurs. Such a function he 
considers to be connected with a modification of the cerebral cir- 
culation and paralleled by the conditions obtaining in cetaceans. 

The description b}' Mr. C. W. Gilmore, in the March number 
of The Ameriidn Joutiial of Science (vol. xxiii. p. 193), of a new 
species of Baptauodon from the Jurassic of Wyoming is of 
interest from the fact that the remains are less incomplete 
than those of any other known specimen of the genus. 

On account of the excessive width of the front paddle, which 
comprises eight longitudinal rows of bones, the skeleton of a 
new species of ichthyosaur {Ichthyosaurus plafydactylus) from the 
Chalk of Kastendamm, Hanover, described by Mr. F, Broili 
in vol. liv. of the Stuttgart Palaontographica, is of more than 
ordinary interest. At the close of his memoir the author illus- 
trates diagrammatically the fact that in the U assic ichthyosaurs 
the front paddles and tail-fin are relatively much larger than 
in the Cretaceous species, this apparent loss in the latter of 
propelling power being compensated by an increase in the 
width of the fore-paddles. 

Considerable importance attaches to an account of the 
Cretaceous pliosaurian genus BmchaHthiwim given by Mr. & W. 
Williston in No. 1540 (voL zxzii. p. 477) of the Proceedings of 
the United States National Museum. Brachauch€^nmt'^\\\^:\^ is 
known from West Kansas, is regarded by its describer as closely 
related to PHosauntSf from which it differs in having single- 
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headed cervical ribs. From other plesiosaurians In which the 
skull is iiilly known, it differs in that the palatines meet each 
other in the middle line, hut this is a feature which the author 
thinks will be met with in Pliosaurus, The assumed relationship 
of the plesiosaurs to chelonians is disputed. The latter lack» for 
instance, epiphyses to the humerus, while such resemblance as 
exists between the shoulder-girdle in the two groups is due to 
adaptation. Chelonians are without the parietal foramen of 
plesiosaurs, and retain the hypocentral mode of articulation 
of the ribs, whereas in plesiosaurs the ribs are attached to the 
transverse processes of the vertebrae. Sauropterygia are, indeed, 
probably descended from theriodont anceistors, while Chelonia 
appear to be derived from a cotylosaurian type, both being 
widely sundered from ichthyosaurs and rhynclioceplialians. 

Brief reference will suffice to a paper by Mr. F. Broili, 
published in the Centralblatt fur Muteralogk^ on certain reptilian 
remains from the Kttssen beds of the Trias of the Alps. From 
the form of the dorsal vertebrae and the stoutness of the 
abdominal ribs, the specimens evidently indicate one of the 
nothosaurs, or primitive sauroptery^ians. Their large size 
suggests affinity with Paytauosaurus, but in structure the 
vertebrae appear to display characters intermediate between 
those of that genus and those of NotJiosaurus. 

In a communication to Science for 1906 (vol. xxiv. p. 184) 
Prof H. F. Osborn states that the American Museum has 
received from the Brazilian Coal Commission natural casts 
of a small Permian reptile near akin to Stcreosieniuin of the 
same country and horizon, and to Mesosaurus of the South 
African Permian. An opinion is quoted to the effect that none 
of these reptiles are related to the plesiosaurs (Sauropterygia). 

The huge Eocene turtle known as Eosphargis gigas, typically 
from the London Clay, also occurs in the corresponding forma- 
tion of Belgium, where an almost complete specimen has been 
discovered at Quenast According to Mr. DoUo (in the serial 
already quoted) the upper shell, or carapace, of this turtle is 
quite different from that of the modern leathery turtle^ and is of 
the general type obtaining in ordinary turtles. 

Remains of soft river tortoises (Trtonychidae) from various 
North American horizons form the subject of a paper by 
Mr. O. P. Hay m the BuileHu of the American Museum, 
voL xxiii. art 54. 
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The list of rhsmchocephalian reptiles has been increased 
by Dr. R. Broom*s description (Trans, 5. Afiican PhU, Soc., 
voL zvL p. 379) of the new genus Paiacrodon hroumi, from 
the Triassic division of the Karoo series of South Africa. 
Dr. Broom, it may be added, restricts the Rhynchocephalia 
to reptiles with a radiating pdvis, and therefore excludes the 
Indo-European Triassic genera PaktohaUeriaf Rkjntchosaurus^ 
and Hyperodap§doHt in which the pelvis is plate-like. On this 
view, Paiacrodon is the only Triassic representative of the order. 

During the year important work has been accomplished in 
that remarkable group of Permian reptiles known as the Pelyco- 
sauria. In an article published in the Bulletin of the American 
Museum (vol. xxiii. p. 265), Prof. H. F. Osborn has g^ven a 
figure of the skeleton of the Texan " ship-lizard," Naosnurus 
davigert with an attempicd restoration of the creature's bodily 
form. The length of the skeleton is 6J ft. Among the more 
striking features are the enormous head, armed with powerful 
teeth, and the great height of the spines of the vertebra ot the 
long back, which are furnished with transverse bars recalling 
yard-arms, and thus suij'^esting the name of the genus. The 
restoration of the allied genus Dimetrodon has been essayed 
by Dr. E. C. Case in vol. xv. of The Jounial of Geolosy. 

Of far more importance is the monographic revision of the 
Pelycosauria by the last-named naturalist, published by the 
Carnegie Institution of Washington. After discussing the various 
opinions as to the proper systematic position of these reptiles, 
the author concludes that they really form a subordinal group 
of the Rhynchocephalia. The}' all had notochordal vertebras, 
with intercentra, and two-headcci ribs ; but it was only in the 
more specialised forms that the spines of the vertebrae attained 
the characteristic development. All were carnivorous. The 
more primitive representatives of the group, constituting the 
new family Poliosauridae, are not far removed from the Permian 
rhynchocephalians of the suborder Protorosauria ; but the other 
forms display great specialisation, which to a great extent 
obscures their rhynchocephalian affinities. The great develop- 
ment of the dorsal spines of the vertebrae is the most obvious 
feature of this specialisation, but it is accompanied by others 
such as the roofing over of the upper temporal fossa, the mode 
of rib-attachment, and the enormous size of the claws. Although 
in earlier stages the spines may have served some useful purpose, 
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in their full devdopment they are regarded by Dr. Case as a 
mere redundancy of growth, possibly an example of that 
development of spiny outgrowths and excrescences which ap- 
pears to mark a decadent group. In addition to North America» 
pelycosaurs occur in Bohemia (Naosaurus)^ and not improbably 
in Central Germany and France; but they appear to be unknown 
in Russia and Africa. 

Coming to the anomodont, or theromorphous, group, we find 
Dr. Broom, in the journal already quoted (p. 376), describing 
a new species of the theriodont genus /Elurosatmis from Aliwal 
North ; while in the Annals of the Natal Museum (vol. i. p. 168) 
he makes known a new Dirynodon and a new Scynnnosanrus 
from that colony. Scyninosaiirus, which is one of the car- 
nivorous types, appears to be nearly related to Inosfranzevia^ 
of the Russian Permian. In America, Dr. Case has recently 
described two nearly' complete skulls of the cotylosaurian genus 
Bohsaurus, from the Permian of Texas ; the paper forming 
Wticle 28 of vol. xxxii. of the Bidlctin of the American Museum. 

The relationship of the anomodonts (in the widest sense 
of that term) to mammals has continued to attract the earnest 
attention of Dr. Broom, who, in a paper published in the British 
and Suit ill ytfriain Association's Report for 1907 (vol. iii. p. 12), 
summarises the evidence in the following words : 

" We may regard it as fairly well established that mammals 
are descended from one of the mammal-like reptiles, and almost 
certainly from a cynodont (theriodont). The known cynodonts 
are mostly too laige to have been the ancestors, but there is 
evidence there having been numbers of small forms, and it 
was probably from one of these that the new stock arose. 
And I think we may also safely conclude that all mammals 
are descended from one common ancestor. By one or two 
authorities it has been argued that the monotremes are a race 
apart, and it has even been suggested to remove them from 
the mammals altogether ; but all recent research has confirmed 
the earlier view that monotremes are typical mammals, and in 
skeletogenesis are quite as near the marsupials as the mar- 
supials are to the higher forms." 

It may be added that Dr. Broom is firmly convinced that 
Tritylodon is a mammal. " As it can be shown," he writes, 
"from the structure of the molars, that the lower jaw was 
moved backwards and forwardsi as in rodents, it is impossible 
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that the articulation can have been of the theriodont type, and 
we must conclude that Owen's opinion was correct that 
Tritylodon was a mammal. 

The following interesting case of apparent affinity between 
anomodonts and mammals given by Dr. Broom in the Zod, 
Aneeiger (vol xxviii p. 106) may likewise be quoted. It has 
long been known that in the human subject, and apparently 
in mammals generally, there exists a remarkable peculiarity 
in the development of the metacarpal bones of the hand and 
the metatarsals (or corresponding elements) of the foot In the 
metacarpal (or first joint) of the thumb and the metatarsal of 
the great toe the separate cap, or epiphysis, is situated at the 
basal extremity, whereas in the other metacarpals and meta- 
tarsals it is developed at the opposite end of the bone. The 
solution of the puzzle has been found by Dr. Broom, who has 
discovered that in anomodonts the outermost of the second row 
of bones in the wrist and the ankle is so elongated as almost 
to resemble a metacarpal or metatarsal. Owing to this elonga- 
tion, the main joint of the thumb and great toe appears to have 
been between the wrist or ankle and the metacarpal or metn- 
tarsal (as the case may be), while in the other digits this j^mit 
was situated between the metacarpal or metatarsal and the first 
segment of the fingers or toes. Those ends of the bones which 
took part in the main joint would be the last to ossify, and 
would determine the points where the caps, or epiphyses, 
would form. The anomaly in this respect in the human subject 
seems therefore to be a direct inheritance from reptilian 
ancestors. 

W'ui k on labyrinthodonts (stegcephalians) appears to have 
been limited. Prof. H. G. Seeiey has, however, described in the 
October number of The Geological Mniraziiic a new genus and 
species from the Karoo series of .South Africa under the iiaine 
of Pfychosphenodon broivni; and Mr. E. C. Case {Bull. Amer. 
Mus. Nat. Hist, vol. xxiii. p. 665) has published notes on remains 
from the Permian of Texas which throw additional light on the 
structure of the genus Zairaehys, 

Perhaps the most important contribution to fossil ichthyology 
Is a memoir by Mr. C. R. Eastman on the Devonian fishes of the 
New York district, published by the New York State Museum. 
The memoir, in addition to a laige mass of descriptive and 
technical detail, is written from a broad and philosophical 
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standpoint, and contains much information and many sugges- 
tions as to the habits, phylogeny, and migrations of these 
Palaeozoic fishes. An hiteresting generalisation, based upon 
examples from numerous groups, is that those types of fishes 
which show no tendency to progressive evolution undergo a 
kind of degenerative development so as to assume a more or 
less distinctly eel-like form of body. This is true among the 
acanthodian sharks, which declined towards the dose of the 
Palaeozoic epoch, dying out iwith the Permian. Their fins, 
being essentially skin-structures, were incapable of strengthen- 
ing by bony rods, after the fashion obtaining in other con- 
temporary and competing groups. Hence these fishes, as they 
became worsted in the struggle for existence, changed their 
habits and their physical structure. Devonian species, for 
example, with the graceful fusiform proportions of swift 
swimmers, became replaced in the Carboniferous by over- 
grown, unwieldy creatures like Cyracanthodes, which were 
evidently grovellers in the slimy mud of land-locked seas and 
estuaries ; while the expiring Permian forms exhibit a distinct 
approximation to the e^l-likc type of body. 

Passinj^ southward of the isthmus of Panama, fish-remains 
from the Cretaceous of Bahia form the subject of a paper by 
Dr. A. Smith Woodward in The Quarterly Journal of the 
Geoloi^ical Society (vol. Ixiii. p. 131). These indicate a curious 
mixture of VVealdcn and middle or upper Cretaceous types ; 
Lcpidotiis mawsoni being, for instance, near akin to the well- 
kiiuwn L. mantelli of the English Wealden, while Mcgalurus 
mawsoni appears to be a Jurassic rather than a Cretaceous 
form of amioid fish. On the other hand, ihe freshwater 
herring Diplomystus longicostatus is a member of a gtnus 
•common in the upper Cretaceous of the Lebanon and the 
lower Tertiaries of Europe and North America. The new 
genus and species Mawsoma gigas, a member of the coelacanth 
ganoids, may be dther Jurassic or Cretaceous, although more 
probably the latter. 

The same author has contributed to The Geological Magasim 
(decade 5, vol. iv. p. 193) an account of the fossil fish-fauna 
of Pemambuco, m which the new species Rkinoptmi prisca is 
described. 

From the Lahontan beds of Nevada have been obtained 
remains of a stickleback, which is regarded by Mr. O. P. Hay 
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(Proc. U,S, Nat Mus,, vol. zxzii. p. 271) as a subspecies of 
the existing freshwater GasietvsUus wtiUamsonif whose rango 
extends from Alaska to California. The interest of the iden- 
tification lies in the inference that the Lahontan beds are not 
older than the Pleistocene. 

Pycnodont fishes from ili Cretaceous of the Lebanon form 
the subject of a paper by Mr. E. f I en my in the Centnilblati 
far Mmeralogie (1907, p. 360) ; while Mr. Erich Heineke has 
published in vol. viii. pt 3 of Giol, und PaL Abhandlungen a 
detailed account of the ganoids and teleosteans of the Litho- 
graphic Limestone of Nusplingen. 

Of Amyzon brcvipinne, a fish hitherto known only by a 
single specimen from the (probably Oligocene) Amyzon beds 
of British Columbia, Mr. L. M. Lambe has described, in the 
Transactions of the Royal Socict}' of Canada (vol. xii. p. 151), 
a second and less incomplete example from the same horizon. 
The palajoniscid Myriolepis hibernica, from the Irish Coal 
Measures, forms the subject of a note in the Annals and 
Magazine of Natural History for December 1906 (ser. 7, 
vol. xviii. p. 416). 

In the elasmobranch group Prof. E. Fraas {Neues Jahrh^ 
Mineral.^ 1907, vol. i. p. i) gives further details of the structure 
of the rostrum and dentition of Propristis schiveinfutUii, a saw^ 
fish from the Egyptian upper Eocene. In this fish the "saw," 
which is slender and abruptly truncated at the tip, and attained 
a length of rather more than two metres, has the same internal 
structure as in PrisHs^ but carries teeth only in its terminal 
fourth ; these teeth being short and broad-crowned, with sharp 
fore^nd-aft edges, which slightly overlap one another, thus 
forming a sawing implement of great power and efficiency, 
Of the well'^known selachian genus Hybodus, Prof. £. Koken 
gives further structural details in a memoir of considerable 
morphological importance published in Gwl. und PaL Abkand^ 
IttHgen, vol. ix. pt. 4. 

The controversy as to the mutual relationships and general 
affinities of the more primitive Palaeozoic fishes and fish-like 
creatures is maintained with unabated vigour in several papers 
by Dr. O. Jaekel and Dr. L. DoUo. The first group of 
these papers, most of which were published in 1906 (although 
they were not noticed in the article on the present subject in 
last year's Science Progress), deal with the imperfectly laiown 
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ptyctndonts, as represented by the gQucra Plydodus, R/iynchot^ns, 
Pahromylns, Rud Rhamphodus. In the British Museum Catalogue 
of Fossil Fislirs the group, of which only three genera were 
then known, is placed in the chimaeroid order of the Holo- 
cephali. In a pajjcr on Devonian fishes published in Sifz.-Ber. 
Ges. nal. Frcimde^ Berlin, for 1906 (p. 77) Dr. Jaekel aacepted this 
arrangement, with certain modifications. Sonicwliat later 
Dr. Dollo {Bull. Soc. Beige Geoi, vol. xx. p. 133) denied that the 
ptyctodonts were Holocephali, although not giving his full 
reasons for the statement This was in June, 1906, and a month 
later Dr. Jaekel (op, cii., p. 180) changed his previous opinion, 
and classed these fishes in the sturgeon group (Chondrostei). 
During the present 3 ear Dr. Dollo has published a paper {op, cii.^ 
vol. zzi. p. i) in which he not only maintains the opinion that 
the ptyctodonts cannot be classed with the chimseroids^ but 
goes a step further, and definitely places them in the Arthrodini, 
that is to say with Coccosteus and its relatives. He also 
expresses his opinion that the Holocephali are specialised 
derivatives from the Palaeozoic cochliodont sharks. 

In another paper, on the new genus PholidasUus and the 
mouth-opening and bodily form of the Placodermata, published 
in the Sitis,-Ber, Ges. nat Freunde, BeHin^ 1907 (p. 170), Dr. 
Jaekel reiterates the views expressed by him in 1902 in r^rd 
to this group. Our readers may be reminded that under the 
title of " Placodermata ** the author unites the Ostracodermata 
{PUmspiSt etc) with the Arthrodira {Coccosfeus, etc.), although 
by most authorities the two latter are widely separated. 
Dr. Jaekel regards all the placoderms as true fishes, which, 
apart from the retention of certain ancestral features derived 
from :nr]:ihibians, are related to the Holocephali (chima?roids), 
Elas 111(1- uathi (sharks and rays), and Chondrostei (sturgeons), 
with some indications of kinship to tlie Dipnoi (lung-fishes). 
These groups he would brigade together under the title of 
Hypostomata, in contradistinction to the Teleostomata, which 
include all other fishes. 

The list of these primitive fishes has been augmented by 
Mr. E. Hennig's description, in the Ci ntralblait Jiir Mnit raloiric, 
1907, p. 584, of a new species from the Palaeozoic rocks of 
Gerolstein, referred to the genus Macropetalichlhj's (an ally of 
Asterolepis\ wilii tiie name M. pelmensis. 
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THE TRANSFORMATIONS OF ELEMENTS 



PART I.-THOSE DETECTED BY RADIOACTIVE 
METHODS; WITH SOME ACCOUNT OF THE PRO- 
PERTIES OF THESE ELEMENTS^ SO FAR AS 
KNOWN 

Bv ALEXANDER T. CAMERON, ILA.. B.SC. 
(Mptniiy CoU^, Ltmiim 

I. MRHODS niPLOYID IN TBB DRBCTION OF Radioactititt : 

Thorium and its Products ....... 535 

3. Nature and Properties of ths Radiaiioms from IUdio* 

ACTIVE ELEftlENTS SS4 

3. LtffB OF A Radioactive Blxubiit 538 

4. TBB RADiOACXm ELBMBMIS AMD THBUl FBOmilBS . $41 

Sbction I.— Methods employed in the Detectioh of Radio-^ 
activity: Thorium and its Products 

Raoioactivb substances are defined as those which possess 
the property of ^tnUanmusly emitting radUtikms or capable 
of passing through plates of metal, or other substances opaque 
to light The word ray was first used in a definite sense by 
Newton, who employed it both in the sense of undulations and 
of corpuscles, m the latter sense especially in defending the old 
corpuscular theory of light The rays, or radiations, emitted 
from ladkjacttve bodies may be in like manner either corpus- 
cular, or consist of undulations in the ether; both kinds are 
] : n 0 wtt. Such radiations possess certain characteristic properties. 
The most important are their penetrative power, emphasised in 
the definition, their action on photographic plates, and especially 
their property of discharging electrified bodies. The second 
of these properties first led to their detection; the last is the 
means most commonly employed in their study. 

Cathode rays and Rortfgen or X-rays possess such proper- 
ties. So do the rays emitted under certain conditions by 
zinc sulphide and similar substances. They are not produced 

SaS 34 
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spontaneously, however; the substances producing them are 
not radioactive. 

In 1896 Henri Becquerel found that potassium uranyl 
sulphate emitted rays which acted on a photographic plate 
enveloped in black paper, and even separated from the uranium 
salt by thin plates of metal and other opaque substances. He 
found later that all the compounds of uranium, and the metal 
itself, possessed the same property. They not only appeared 
capable of giving off these radiations continuously, thereby 
giving rise to a continual supply of energy, but seemed perfectly 
uiK hanged by so doing. The action is spuiitancous, and 
uranium is therefore the first element m which tlie property 
of radioactivity was discovered. 

Uranium salts, besides acting on photographic plates, 
possess the othfer radioactive property of discharging electrified 
bodies. A charged eUdroscopf consistusg of strips of gold or 
aluminium leaf suspended from an insulated support, and 
separated from each other by the repulsion of their electric 
charge^ is usually employed to test materials supposed to be 
radioactive. Not only is the electricity discharged by radio- 
active materials, but the rate at which the leaves fidl together 
varies with the degree of radioactivity, other conditions being 
the same. Different uranium salts discharge an electroscope at 
different rates ; they have different aeUvt'ties. Madame Curie has 
shown that this difference is due, primarily, to the varying 
proportion of uranium; the radioactivity is proportional to 
the percentage of uranium in the salt employed. When she 
extended these quantitative measurements to uranium minerals, 
this relationship was found to hold no longer. Certain varieties 
of pitchblende — ^which consists largely of uranium oxide — ^were 
four times as radioactive as the uranium they contained. 
Chnlcolite, copper uranium phosphate, was twice as active ; 
artificial chalcolite gave a fic^ure agreeing with theory. These 
differences led M. and Mme. Curie to analyse systematically 
the mineral pitchblende, using the degree of activity as a 
test for every precipitate, and separating by repeated opera- 
tions the radioactive from the inactive precipitates. In this 
way the two elements polonium and radtum were isolated 
in 1898. 

By similar methods during the last eleven years no fewer 
than twenty-four new elements have been discovered, most of 
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them radioactive. The history of science shows no parallel 
with the advance made in this subject. It is comparable with 
half a centar/s work in other directions of research. The 
advance is due in great part to the work of Pro£ Ernest 
Rutherford, who has co-ordinated the facts by putting forward, 
and in part proving, the first reasonable theory to explain the 
great mass of data which is even yet accumulating. 

The electrical measurements of radioactivity are made with 
some form of electroscope or electrometer. The electroscope 
devised by C T. R. WUson. and used largely for measuring 



small amounts of activity, may be taken as typical. The 
description is that in Rutherford's Radioaciivify, p. 86. A brass 
cylindrical vessel (or very frequently a tin can) is stoppered 
at the metal mouthpiece u (fig. i) by an ebonite cork or an 
ordinary cork covered with sulphur. Through this passes a 
metal rod supporting a sulphur bead s» which supports and 
at the same time insulates a narrow brass plate B some two or 
three inches in length. To the upper end of the brass plate is 
attached a strip of gold, or better, aluminium, a. The sliding 
metal rod cc' is used to charge the leaf system, usually by touch- 
ing it with a charged rod of sealing-wax while it is in contact 
with B. R is earth-connected and c revolved to break the 
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contact with the brass and aluminium. The charged aluminium 
leaf is repelled through a considerable angle. Its movement 
is observed by a telescope through windows in the brass or 
tin vessel. The telescope carries a scale ; observations are 
made of the time taken by the falling leaf to traverse a 
certain fixed portion of that scale. The bottom of the vessel 
is usually removable, the substances to be tested for radio- 
activity being thus introduced. In testing gases an airtight 
apparatus is used and the gases are introduced through metal 
stopcocks. 

Under ordiriiiry conditions, in the absence of radioactive 
matter the time taken by the falling leaf to pass over the 
fixed portion of the scale is termed the natural leak of the 
electroscope. This natuFal leak is quite considerable^ and 
the time may even amount to several hours. The presence 
inside the case of a comparatively weak radioactive substance 
reduces the leak to a few minutes, or even seconds. It is 
desirable to give some account of the reasons underlying this 
behaviour. 

An electroscope can be discharged readily through the 
action of several different kinds of energy. Thus rays of 
ultraviolet light allowed to fall on the outer disc of an ordinary 
electroscope, or the lays given out by a lighted candle placed 
near it, cause the leaves to fall together rapidly. X-rays behave 
similarly, and through a detailed study of their behaviour 
J, J. Thomson and Rutherford have put forward a theoxy capable 
of explaining the whole series of phenomena; so £ar it has stood 
the test of experience. The different rays are supposed to g^ve 
rise to particles termed ions carrying either positive or negative 
charges of electricit3^ The initial action is a collision with an 
atom of the gas which the ray is traversing ; an ekcttv):, or 
negative particle of electricity, is set free, the atom minus this 
electron exhibiting a positive charge. Both, by virtue of their 
charges, attract to tht mscls cs a cluster of uncharged atoms. 
The number in the case of the electron is estimated at about 
thirty; the positive cluster is smaller. Both chisters behave 
like ordinary charged bodies, being attracted by unlike, repelled 
by like, charges of electricity. Consequently in the absence of 
any strong electric charge in their neighbourhood they ultimately 
collide with each other, and their charges become neutralised. 
But U such luiis arc UberaLcd in the neighbourhood of a charged 
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electroscope, it will attract ions with unlike charge in sufficient 
number to discharge itself (since the charge on the electroscope 
is lik( wist: (\uc. to the presence of free electrons, il negative, or 
to free positive ions). 

It is found that ordinary air always contains a c TtLiin very 
small number of ions, and the natural leak of an electroscope 
is due to their presence. Again, the production of ions is 
strictly proportional to the number of rays— if two quantities 
of uranium oxide are taken, one twice die weight of the other, 
and they are spread out In thin films of the same thickness, 
so that the first has twice the exposed area of the second, it will 
emit twice as many rays as the second ; thqr will produce twice 
the number of ions, having twice the effect on the leaves of an 
electroscope; hence it will be discharged in half the time. 
Similarly if equal quantities of two radioactive materials are 
taken, and consecutively introduced inside an electroscope, and 
it IS found that the rate of discharge of the first is twice as fast as 
that of the second, then it is said to possess twice the activity of 
th e second. The measure of the discharge-time gives a measure 
of the radioactivity. By comparing the effect produced by a 
substance from day to day, a measure of the variation in its 
radioactivity is obtained. 

The most convenient instrument for these measurements, 
however, is some form of quadrant electrometer^ preferably the 
modification invented by Dolezalek in iqoi. This has a very 
light needle of silvered paper, carrying a small mirror, and 
suspended by a very fine quartz fibre between the four quadrants. 
One pair is connected to earth, the other to an insulated metallic 
plate, facing a second which carries the radioactive matter to be 
te'^ted. Through action similar to that in the case of an electro- 
scope an electric stress is set up between the two pairs. The 
needle, previously charged to a very high potential, is repelled 
from one pair of electrodes towards the other; on account 
of its extreme lightness it moves at a uniform rate. The 
time taken to pdss two fixed points is observed by means of 
a stop-watch. As in the case of an electroscope, this time is 
inversely proportional, other conditions being the same, to the 
degree of radioactivity of the deposit under observation. The 
natural leak of the electrometer is deducted firom all other time 
measurem^ts. The electrometer is standardised from time to 
time against a definite amount of uranium oxide, which is known 
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to give a constant supply of radiation. In ibis way any variations 
in the instrument are corrected 

The photographic action of the radiations has been lai^gely 
used in certain branches of the subject, but does not give good 
quantitative results. The method employed is the exposure 
of the photographic plate wrapped in black paper — to cut off 
phosphorescent light— to the effect of the radiations. The time 
of , exposure varies firom a few minutes, with almost pure radium 
preparations, to perhaps seventy-two hours, with very weak 
radioactive preparations. With long exposures the results arc 
especially untrustworthy on account of the difficulties ezperi^ 
enced through the plates fogging. 

In order to show how the instruments are actually employed 
and deductions made, a brief account will be given of the 
results obtained to the present time from the study of thorium 
compounds. The greater part is taken from Rutherford's 
Radioacfiviiy, second edition. 

Schmidt and Madame Curie independently discovered the 
radioactivity of thorium compounds in 1898, Four years later 
Rutherford and Soddy found that the thorium hj^droxide 
precipitated by ammonia from a solution of the nitrate was 
less than half as active as the original solid salt; the filtrate 
on evaporation g-ave a residue which, weight for weight, 
was several thousaiitl times more active. They iiaiiied this 
active residue thorium X (ex-thnrio). It consisted largely of 
impurities exisLmg 111 the original luU-ate; the true thorium X 
was present only in minute quanlily, and could not be sepa- 
rated. It became inactive at the end of a month ; in the same 
time the thorium completely regained its activity. They 
concluded therefore that thorium X was actually produced 
from thorium. They proceeded to study the timenrates of 
the8« processes, making electrical measurements at intervals 
over a ioh^ time. Theur results are shown in fig. 2, a {Radh- 
acHvtiy, p. 2^j); the curves are typical of most of those 
illustrating th4 decay and production of radioactive matter. 
The initial acti^ty of thorium X was arbitrarily taken as 100 ; 
similarly that ^figure was taken for the final activity of the 
thorium coropc^und. The activities were expressed along the 
ordinates, the ^ times from the initial measurement along 
the absdssse. ^,The initial irregularities in the curves were 
due to the presef in the original thorium compound of ftirther 
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disintegration products of thorium X; these are also radio- 
active, and produce their own electrical e£fect They were 
precipitated with the thorium hydroxide. The initial part of 
the recavety curve is due to their activity rapidly becoming 
smaller as they themselves disint^prate— more rapidly than is 
counteracted by the gradual reproduction of thorium X. The 
initial part of the decay curve is due to their reproduction 
from thorium X, when ^eir activity gives an added effect to the 
activity of thorium X itsell In both cases a time is reached 
when in any given interval, say a minute, as much of these 
substances is produced as decays in that same time. These 
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products are then said to be. in ttuUoaeihe epiiUMim^ and 
no longer affect the nature of the curve. The times in 
question are represented by the minimum and maximum on 
Uie respective curves, and it will be noticed that these exactly 
correspond. If the true curves are then continued back tiU 
they meet the axis, and the maximum values in both cases 
again taken as loo^ the corrected values are shown in fig. 2, b 
{fiadioacHvify^ p. 322). The decay curve is iagariikmk, that is 
to say, if the logarithms of the activity values are plotted 
against time (instead of the true activity values), the result 
is always a straight line. This is shown in the figure. Such 
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logarithmic or mipanefUiai curves correspond to an equation 
of the type — 



In the case under consideration L is the initial activity of 
thorium X, If^the activity after time X is a constant, and e the 
natural base of logarithms (= 27183 .. .). 

The recoveiy curve is the inverse of this curves and is 
represented by the equation— 



where L is the final activity (the maximum figure obtained), 
h the activity recovered after time /, and \ is the same constant 
as in the previous equation. 

These results have been given in some detail because they 
are typical of most of the curves obtained by plotting the 
change of activity against time. In all cases the decay curve 
of the radiaaciive child bears the relation to its radioacirje 
parent that the constant X is the same for the two cases. The 
curves illustrate two further points. They approach constant 
value towards the end of a month, but it is seen that they 
reach a final value only at infinite time. This property is 
common to all such curves; it illustrates the fact tliat the 
life of a radioactive element is infinite. In order to compare 
such lives we therefore speak of the half-life period^ a definite 
value for each element It represents the time in which half 
the element disintegrates ; its activity falls to half value. This 
time can be calculated graphically from the curves* or from 
equation (z), since the activity has &llen to half valuer L = 
in, 2' as r'*^ Hence if X is known, / can be calculated. Again, 
X represents the proportion of atoms changing per unit of time ; 
^/X thus represents the average life of an atom of the element 
under consideration. A discussion of the meaning of these 
terms is given in Section 3 (p. 538). In the case of thorium X 
the half-time is four days. 

Hahn has recently shown that thorium at first disintegrates 
into metofhoriom, and this into radiothorixim ; the last named is 
the immediate parent of thorium X. Radiothorium is very 
miK h more active than the thorium from which it is derived- 
The methods employed were similar to those just described — 
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chemical separations, followed by measurement of the radio- 
activities of the different products. 

Early workers on thorium noticed that the amount of radia- 
tion given off was subject to variation. Owens, in 1899, traced 
this inconstancy to air-currents passing over the surface of 
the thorium. Rutherford, next year, showed that it was due 
actually to a gas--hence the effect of air-currents. It could 
be drawn through tubes along with a current of air, passed 
through cotton<wool, bubbled through solutions, and gave 
theres^er an electrical effect It thus behaved in eveiy way 
like a true gas, although it could not be isolated, and could 
only be tested by its radioactive properties. Rutherford termed 
it an emanation. It has a very short-life period. Its decay 
was studied by drawing it into a cylinder by an air-current, 
closing the cylinder, and noting the radioactivity from time to 
time by the electrical method (the cylinder containing insu- 
lated metallic discs connected to an electrometer^ Its half-life 
period is 54 seconds. 

This emanation of course disintegrates into something else. 
When some quantity of it is allowed to decay in any closed 
vessel, the products are deposited on the walls of the vessel. 
They themselves give off radiations ; the phenomcTion is known 
as excited or induced activity^ the deposit as the active deposit. 
It differs in chemical and physical properties from all its pre- 
decessors. The emanation can be washed out with air, and 
the decay rate of the deposit studied. The curve is complex; 
mathcinatical analysis indicates at least two products. These 
were postulated as thorium A and B. They were differentiated 
nioie clearly by the work of Miss Slater, who studied the 
effect of temperature on them. A platinum wuc was exposed 
for a considerable time to the action of the emanation, whereby 
(relatively) a considerable amount of the after-products was 
deposited on it It was then heated by an electric current 
A lead cylinder surrounding it caught any volatilised matter. 
Both wire and qrlinder were then testei separately hy an 
electrometeri the decay of the radioactivity being studied 
Heated to about 700'' C the amount of radioactivity on the 
wire remained cmistant, but the decay rate was fiuter than 
usual The cylinder was at first only very slightly active, but 
the activity grew raptdlyt the maximum being reached in 
four hours; the decay rate thereafter was normal. These 
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phenomena were easily ezptained by the hypothesis that 
thorium A, the first product, volattliaed below 700* and was 
i$taciiiffi^i, gave no radiations; the thorium B, already pro- 
duced from it, remained on the wire unvolatilised at 700^ 
and a fresh amount was slowly produced on the lead cylmder. 
Further work has slightly modified this result, thorium A 
bemg found to have a veiy slight radiation, and there being 
two later products, thorium B and C» all three having an 
extremely short-life period. The final product is inactive. 
So far as present knowledge indicates, the whole series is: 

Thorium meso thorium -» radiothorium thorium X -> 
thorium emanation thorium A thorium B thorium C 

inactive product. 

Most of the above work has been accomplished by what 
may be described as the direct method of work. In addition 

an indirect method, based on chemical means, is frequently 
employed. It will be discussed more particularly in the sub- 
sequent parts of this paper. An example will be mentioned 
here. 

The final product of the uranium-radium disinteg^tions is 
supposed to be lead, another product being helium. Boltwood 
has analysed a great number of uranium minerals ; they all 
contain lead. He finds that the ratio, amount of uranium to 
amount of lead, varies with the age of the mineral, the older 
rocks giving a higher percentage of lead. This agrees with 
the theor3' that lead 1- slowly produced from the uranium 
and radium. Sti utt has aiialj sed thorium minerals for helium ; 
he finds evidence of some definite relationship between the 
quantities of thorium and helium which they contain. 

Section 2. — Nature and Properties of the Radiations from 

Radioactive Elements 

When an electric current is passed through a highly 
exhausted vacuum tubei three kinds of rays are produced in it 
If the cathode is perforated, camd n^^s—w named by Wien— 
are projected with enormous velocity in the direction opposite to 
that in which the current is travelling ; they co>isist of particles, 
each at least as heavy as a hydrogen atom, aiid always carry a 
positive charge of electricity. Cathode rays, consisting of nega- 
tive particles of electricity, convey the curren t from cathode to 
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anode, while Rontgen rays, undulations in the ether, are projected 
in all diiLCtions. To these three kinds of ray corrc.-j)oiid the 
three radiations which are emitted by radioactive mattti. Like 
the canal rays are the a rays^ heavy particles carrying a positive 
charge ; the /3 rays are electrons lilee the cathode rays ; while 
the y T9y% strongly resemble Rostgen rays. 

They are frequently emitted simultaneously from active 
preparations. Two properties allow of their study and 
dififerentiation : : 

(1) They behave differently under the action of a magnetic 
field; 

(2) Diflferent kinds of rays penetrate matter to very different 
degrees. 

Under ordinary conditions all these rays» like light rays, 
travel in straight lines. Under the action of a very strong 
magnetic field the path of the rays becomes slightly curved ; 

rays are much more easily deflected, and, moreover, in the 
opposite direction to a rays — compare the (act that a rays carry 
a positive charge, ^ rays a negative one ; 7 rays are not deflected 
by a magnetic field. 

The difference in penetrating power is well shown by the 
following table (Rutherford, Radioadiv^y^ p. iii) : 
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These ratios are only approximate ; ra3's ii oin diilLrent 
material have greatly varying penetrative power. Different 
substances absorb them in widely different amounts ; the 
density of the substance is a factor in determining the amount 
of absorption. 

The radiations— as has been pointed out in Section i — 
produce ions in the gases they traverse; the mechanism is 
collision. Their ionising power varies very greatly, being 
roughly the inverse of their penetrability. 

The enormously greater ionising power of the a rays 
supports the theory that they are heavy particles shot off firom 
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the disintegrating atoms at enormous velocities. Such large 
particles cannot travel fax without colliding with gas particles, 
hence their small penetrative power. Their enormous momentum 
produces the correspondingly great ionising effect actually 
observed. Rutherford has measured the velocity of « particles 
from different active elements; it varies from i*$6 x loP cms. 
per second in the case of radium to 3*25 x 10^ cms. per second 
for thorium C Light travels at about 30 x lo^ cms, per 
second. The experiments lead to the conclusion that the sub- 
stances possessing longest life, viz. uranium and radium, emit 
particles having the least velocity; the shorter the life the 
greater the velocity of the emitted « ray. Rutherford has been 
able to measure the mass of the particle which carries unit 
charge of electricity ; it is about twice that of hydrogen. From 
this he concludes that the a particle consists either of a half 
atom of helium (atomic weight 4) carrying one electric charge, 
or a whole atom carrying a double charge. The a rays carry a 
positive charge — their mass and velocity correspond very closely 
with those of canal rays ; their close resemblance to these must 
be held as established. 

The /9 rays have a greater range of velocity. The maximum 
velocity approximates to that of light (200,000 miles per second). 
Their identity with cathode rays has been established on three 
grounds : {a) the negative electric charge carried by both ; {b) 
the ratio of that charge to the mass — extremely small in both 
cases — which carries it; and (c) the fact that a magnetic field has 
precisely the same effect in l)oth cases. 

a and /3 rays are complctLly absorbed by covering the radio- 
active matter producing them with a layer of lead i cm. in 
thickness. But even if a layer of i inch is used, rays still 
pass through. They, cany no charge of electricity, and are not 
d^ected by a magnetic field, yet they i(mise gases, uid so affect an 
electrometer. These are the 7 rays, ether waves, corresponding 
to X-rays, but of even greater penetrating power. 

All three kinds of rays on impinging on solid particles give 
rise to seamdaiy r/^s, as do ordinary X-rays. The secondary 
rays also travel in straight lines, and otherwise obey the light 
laws, but are deflected by a magnetic field. They resemble 
cathode nys in being electrons, but move with comparatively 
small velocity. Ultra-violet light allowed to fall on the sur&ce 
of metals produces a similar phenomenon. 
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In examining a radioactive substance to find what kind of 
radiations it gives rise to, the method in use is to cover it with 
varying thicknesses of aluminium. Absorption takes place to 
different extents ; the ionisation varies accordingly ; this is 
recorded by electric measurements. From a study of results 
thus obtained it can usually be determined whether one or 
more kinds of ray are present ; the results are confirmed by 
noting the action of a magnetic field on rays which have 
penetrated the different thicknesses of metal. 

The radiations produce a considerable numhLT of effects — 
physical, chemical, and physiological. One oi the most Im- 
portant IS the phosphorescence induced in many substances 
subjected to bombardment by the rays. Zinc sulphide, k 
particularly good example, is rendered liimincms by both 
• and /3 rays. Crystals of the diflferent platinocyanides give 
different colour effects aocordinsr to their composition. The 
lithium salt phosphoresces pink, the calcium and barium salts 
deep green, the sodium salt yellow. Willemite, a zinc silicate, 
becomes beautifully green in colour and apparently translucent 
Kunzite shows a red phosphorescence under the action of and 
Y rays ; a rays are without effect on it All strongly radioactive 
compounds phosphoresce strongly themselves. 

The diamond not only phosphoresces when bombarded by 
radium rays, it also changes colour. Sir William Crookes found 
that a yellow diamond, alter seventy-eight days' exposure to the 
rays, became bluish green. Prof. Bordas has recently experi- 
mented with uncoloured rubies; after some weeks' exposure 
they became dark brown, and in some cases pink; sapphires 
similarly change colour. The effect is in all these cases 
probably due to the action of /3 rays, and is analogous to 
their action on different glasses. Soda glass is coloured deep 
\nolet, potash glass a dark brown, gold glass ruby colour. 
Similar effects are produced by cathode rays in vacuum tubes. 
The colour is discharged quite easily by heating the glnss to 
300-400'' C. Maxwell Garnett has made a detailed study of 
these phenomena, and his work supports the hypothesis that 
metallic ions are actually liberated in the glass, and that the 
colour is due to these, violet for sodium, brown for potassium, 
and so on ; application of heat causes recombination with 
accompanying loss of colour. It should also be mentioned 
that glass tubes containing radium emanation show a beautiful 
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green phosphoreaeence. Under similar conditions quartz glass 
shows a fine electric blue colour. 

The rays change oxygen into ozone. Hence all dry radium 
salts smell strongly of ozone. In water this effect is not 
produced, hydrogen peroxide being formed instead Radium 
salts and its emanation decompose water. The emanation also 
effects the recombination of hydrogen and oxygen. These 
phenomena are in all probability produced by the a rays. 

Under the action of rays yellow phosphorus is converted 
into the red variety, while i€»dine is liberated in iodoform 
solutions. Much work yet remains to be done in this branch of 
the subject 

Radium rays, like X-rays, produce painful hnmSi Painful irri- 
tation is caused, then inflamiration lasting from ten to twenty 
days. The skin finally peels oiT. The physiological effects of 
radium emanation have been tried on mice and guinea-pigs. 
Long exposure to such treatment is in most cases harmfiil, in 
some fatal. Radium rays have a beneficial result in the case of 
ulcerous growths, but do not cure true cancer. Their effects 
are thus similar to those of X-rays, but they have the advantage 
that the radium preparation, enclosed in a small tube, can be 
applied locally. The medicinal effects of many natural waters 
are supposed to be due to the presence of small quantities of 
radium emanation. Ihey are slightly radioactive. Artihcial 
waters of exactly the same chemical compositioQ do not possess 
the same beneficial effect 

SeCTIOM 3. — ^LlFE OF A RADIOACTIVE ElEUEHT 

A typical radioactive element gives rise continually to a 
radioactive product, together with one or more kinds of rays ; 
radium gives rise to its emanation, and to « rays. In additioiit 
heat in comparatively large quantity is continually liberated. 

This continuous production of both enei^y matter is 
explained by Rutherford by the assumption that atoms of the 
parent element are continually being broken down, or 
disinte^ted, into simpler atoms, the heat and rays being the 
difference in energy-content in the two atomic systems. When 
guncotton is exploded a complex molecule is broken up into 
simpler ones, heat and light being also emitted. The two 
cases are parallel, the one being atomic, the other molecular. 
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It is found that the emanations, and many other active 
products, lose their activity almost completely in a measurable 
time. From studies of the rate at which the activity is lost, 
the conclusion is reached that in any one time a certain fixed 
proportion of the total number of atoms present spontaneously 
disintegrates. An actual illustration will make this clearer. 
The activity of any fixed quantity of radium emanation foUs to 
half the initial value in approximately four days. In the second 
four days it falls to half of this second value, one quarter of 
the original We therefore suppose that the emanation has 
decomposed to a corresponding extent In the unit of time 
chosen, four days, the same quantity, one-half the amount at 
the beginning of that period, always disappears. Similarly in 
any other definite period of time a certain quantity, bearing 
a definite ratio to the original amount, will disappear. Again, 
at the end of eight days one quarter of the whole amount 
remains; at the end of twelve days, onc-ciglith ; of sixteen days, 
one-sixteenth. But at the end of iniinite time there will always 
remain some quantity, however small. Similarly in all cases 
of active matter some remains unciisintegrated after infinite 
time; the radioactive elements have an infinite life. Though 
they may have died for all practical purposes at the end of 
some measurable time, an unmeasurable but definite amount 
remains. However, it has been shown in Section i (p. 532) 
that we ran always find when half a given quantity of active 
substance has disappeared. And it is this period which is 
termed the half-life period of such substances, it vanes from 
four seconds in the case of actinium emanation to millions of 
years in the case of uranium. 

Another term ccmstantly used is the amrage life of a sub- 
stance. In Section i the method of calculating it has been given 
(p. 532). It can be conveniently illustrated by a human parallel. 
A church filled with people on any fixed date contams a fair 
assortment of men» women, and diildren of all ages. If we 
know the total number of years each person will live after 
leaving that church we can calculate the otvn^ Uf§ of the 
congregation counting from the definite, time fixed by that 
church attendance. This is quite different from the avetxige 
life of some number of persons from the time of birth of each, 
which is the basis of the data employed to calculate insurance 
ratea 
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The average life of a radioactive element at any definite time 
corresponds to the first of these illustrations. If we take a 
definite quantity of radium salt, then the atoms of radium it 
contains are of all ages. If they have just previously been 
separated from tiieir uranium ore some may have been born only 
a few weeks previously, others have existed thousands of years, 
just as the churcii congregation may include infants and old men 
of ninety. Of the radium atoms a certain number will expire 
in a definite time, just as in so many years a number of the 
worshippers will have died. And we can calculate the average 
life of the congregati<»i of atoms with as much certainty as 
that of people. 

The application of the second kind of averagt to radio- 
active substances was recently worked out in some detail by 
Sir William Ramsay as a lecture illustration. Though it has, 
just been stated that the life of a radioactive atom is Infinite^ 
yet infinity is only a relative term ; in this connection it only 
means a longer time than we can measure. It is extremely 
probable that just as the human life is measurable and definite, 
so is, let us say, the life of an atom of radium. One may 
go further. For there is much more regularity in the life oif 
this dead matter ; the life of human beings is variable, dependent 
on "all the ills that flesh is heir to," microbes* the bearers of 
disease, and accidents, the ills of fortune. We have no ground 
to suppose that the life of a radioactive atom varies from any 
similar cause. For example, the rate of decay — the death- 
rate — of radium emanation is unaltered within the limits of 
measurement between the temperatures of —180'' and f 1600° C. . 
(90-1870" in the absolute scale), the extremes at which, so far, 
it has been experimentally tested If this tremendous difference 
of temperature does not hasten the decay of a single atom of 
emanation we can at least postulate that its life is not easily 
influenced by external causes. So far experimental work 
has shown that we cannot hasten or retard the death of a 
radioactive atom; consequently we cannot alter its life. For 
its birth is but the death of its parent atom, to which the 
preceding^ statement likewise applies. And we are justified in 
stating that the average life of a radioactive atom, as used in 
the second sense above, is in all probability the actual life of 
that atom. 
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Section 4. — ^Radioactive Elements and their Properties 

No fewer than twenty-four new elements have been dis* 
.covered by radioactive methods; uranium and thorium were 
known long before their activity was observed. Of these 
twenty-six elements, five are said to be rayiess', in them no 
activity has been detected by the instruments in use at present. 
The others emit one or more kinds of ray; nine or ten give 
a' particles alone. An appreciable life -period is possessed by 
nine only uranium, thorium, radium, polonium, radio-lead, 
mcsothoriuni Lind radiothonum, actinium, and probably ionium. 
The remainder arc none the less true elements, althom;li their 
short life may never permit them to be examined by other than 
radioactive means. 

If the recent work of Boltwood is correct, and ionium is 
the true intermediate product between uranium X and radium, 
Llicac iwenty-six elements fall naturally into three large groups, 
namely, the elements ui amum, thorium, and actinium, and their 
respective disintegration pruducts. Using Rutherford's meihod 
of classification (from Radioactivity, pp. 449-50) in a slightly 
modified form, the elements can be grouped as shown below. 
Only the atomic weights of three — ^uranium, radium, and 
thorium^— are known with any certainty. If the a particle is 
a helium atom (of atomic weight 4), then the atomic weights 
of the other elements, calculated by deducting 4 for each a 
particle evolvedt may approximate to those given in brackets. 
The present state of our knowledge does not allow any stress 
to be placed on this hypothesis. In the table on the next page 
Ur s uranium^ Th as thorium, Ra radium, Act s actinium. 

The nomenclature of the elements is due to Rutherford ; his 
original idea was to name the first derivatives so as to show 
theur parentage; hence UrX, Th X, Act X (ex-uranio, ex-thorio, 
ex-actinio). The discovery of radiothorium and radioactinium 
upset this system. It will be observed that each group contains 
one gas or emanation ; the elements derived from it are named 
in order of formation A, B, C, and so on. The graphic repi%- 
sentation in the last column, due to Rutherford, illustrates the 
method of disintegration, the atomic contractions due to loss 
of a particles being considerably exaggerated in order to 
emphasi.sc the theory. The brackets show those elements 
which differ in mass content by not more than one electron. 
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A short account of the individual elements will now be 
given, in the order shown opposite. 

Uranium was discovered by Klaproth in the mineral pitch- 
blende in 1789. It is of comparatively rare occurrence, and 
widely scattered. The composition of uranium minerals varies 
largely ; many are complex silicates, phosphates, or arsenates. 
Pitchblende and uraninite consist largely of uranium oxide, and 
contain from 50-80 per cent uranium. The metal was isolated 
by Peligot in 1842 by the action of potassium on the fused oxide, 
llius formed it is a black powder. In the ordinary metallic 
state it closely resembles iron and nickel Heated to redness 
it bums brilliantly. It dissolves in dilute adds, with evolution 
of hydrogen ; combines directly with chlorine, and, on heating, 
with sulphur. Its atomic weight is 238*5 ; it is thus the heaviest 
metal yet isolated. A great number of its compounds have been 
prepared. The discovery of radioactivity by Becquerel, in 1896, 
was made with these compounds ; it has been shown Jthat the 
metal is also radioactive. The life of uranium is extremely 
great Its half period is many millions of years. 

In 1900 Sir William Crookes showed that when excess of 
ammonium carbonate is added to a uranium solution, until the 
uranium precipitate has all redissolved, a light cloudy pre- 
cipitate remains: this contains nil the photographic activity; 
the separated uranium is without effect on a photographic 
plate (a rays do not affect a photographic plate; uranium gives 
off a rays only) ; Crookes called the new product nranitun Z. 
The precipitate consists largely of impurities from the uranium 
salt, and insufficient uranium X has been obtained to give a 
distinctive spectrum. A mixture of ether and water effects 
a partial separation. The ether layer contains most of the 
photogra[)hic or 5-ray activity. Becquerel effected a separa- 
tion by adding barium chlondc and precipitating the barium as 
sulphate ; uranium X is carried down along with it Recently 
(in 1906) Moore and Schlundt have described further methods of 
separation. When crystallised uranium nitrate is dissolved in 
ac^one, or sevml similar organic solvoits, the slight precipi- 
tate which remains contains most of the uranium X. Complete 
separation is effected by adding moist ferric hydroxide to such 
a solution; the hydroxide carries down all the active matter. 
Moore and Schlundt state that uranium X gives both • and 
rays ; 34 per cent of the activity is due to the arrays. Levin 
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in 1907 obtained the figure 8 per cent; in a later paper he states 
that no a rays are produced, the mistake arising from the pr^ 
sence of rays of small vdoctty. The question has not yet 
been decided. Uranium X has a half-life period of twenty-two 
days. In less than a year it has disintegrated almost completely. 
Into what has it changed? 

Ever since Madame Curie succeeded in obtaining radium 
from uranium minerals, and the theory of disintegration was 
put forward, it has been considered highly probable that radium 
is a descendant, in perhaps the third or fourth generation, of 
uranium itself. Some experiments of Soddy in 1904. gave the 
first proof of this statement. He took about two pounds of 
uranium nitrate, dissolved it in water, and repeatedly added 
barium solution, precipitating the barium as sulphate. In 
this way the solution was praclicaljy freed from radium, 
which is precipitated along witli the barium siilpliate. In 
567 days the solution contained more than one hundred times 
as much radium as it did immediately alter this treatment. This 
radium was identified by the decay rate of its emanation. The 
actual amount of radium observed was only one-thousandth of 
what it should be on the assumption that uranium X was the 
parent of radium. Soddy postulated one or two intermediate 
products, liultwood criticised his metiiod of procedure but after- 
wards confirmed his results. In 1906 he suggested that the 
intermediate product was actinium. Soddy and Mackenzie, and 
also Rutherfordi showed that this was impossible, pure uranium 
nitrate neither givmg rise to acdniym nor its emanation. Ruther- 
ford separated the actmium from solutions of commercial uranium 
nitrate, and by passing ammonia and sulphuretted hydrogen 
gases through the actinium solution, he effected the separation 
of a new radioactive substance, which he considered to be the 
actual intermediate product between uranium X and radium. 
Boltwood confirmed this result He found this new element 
emits a rays (actinium is rayless)^ich are very easily absorbed, 
and fi rays of small penetrability. The activity is of the same 
order as that of radium. He suggested the name lonivm. 
Hahn has confirmed his conclusion by a different method. 

Eadium was discovered by Madame Curie in idgS, Her 
method of procedure has been indicated. Thoroughly examining 
the different group precipitates in an analysis of pitchblende, 
she found that the barium group precipitate was strongly active. 
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This activity could be completely separated along with barium 
sulphate. Final separation was effected by recrystallising the 
barium as chiorulc , radium chloride is slightly less soluble and 
separates in the first fraction. In this way crystals were finally 
obtained nearly two million times as active as uranium. The 
activity was too great for cuinparative measurements ; the final 
fra( tons were tested for purity by estimating the amount of 
barium spectroscopically. 

Gicsel showed later that the separation could be effected more 
conveniently by recrystallising the bromides ; the difference in 
their solubilities is greater than in those of the chlorides. 

Radium continually gives rise to a gas, the 1— aatjaa fnm. 
Xadhm, discovered by Dom in 1900, and no intermediate product 
has yet been detected. A full account of the properties of radium 
and its emanation will be given in Part II. of this paper. 

MHien any substance is exposed to the action of the emana- 
tion it becames coated with an intensely active deposit This 
was first observed by M. and Mme. Curie in 1899. It Is known 
as the istffe isporil eftapld duagSk and has been found to consist 
of three consecutive productSi Sadism A, B; and 0. The whole 
activity decaj^ to half value in 28 minutes, but the decay 
curve is very irregular. Studies of the rates of decay of the 
difTcrent rays led to the analysis into three separate elements. 
All three are soluble in strong acids, and volatile at a white 
heat B is volatile at the lowest temperature, and can be thus 
partially separated. 

In 1903 iht Curies also observed that substances which have 
been covered with this active deposit do not lose all their activity 
after even a prolonged period. Giesel confirmed this. Rutherford 
found that the activity incrrasf s during several years. It is due 
to the active deposit of slow change, whi< h lia^ hcc.n resolved similarly 
into tlircc consenitive products, Eadmm D, E, and F, 

Kadio-lead (or Radimn D) was obtamed by Hotmann and Strauss 
in 1 901. The lead obtained from pitrhblcndc was strongly and 
permanently radioactive — hence the name radio-lead. In ! > .| 
Hofmann and co-workers showed that the lead itself is not 
radioactive, but gives rise to active products separable by 
chemical means ; the inactive lead slowly regains activity. It 
therefore contains an inactive element which disintegrates 
slowly into active products. Rutherford has proved fairly 
conclusively the identity ol the rayless parent, the true radio- 
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lead, with radium D, and of the active products with E and F. 
He found that the activity of the short-life deposit from radium 
practically vanished after two days ; theieaftcr iher c wns a slow 
increase during eighteen months. The new activity was due to 
both m and particles. Two experiments showed the nature 
of the changes. A deposit on a platinum wire, after standing 
for some considerable time, was subjected to the action of heat 
Below 1000* it was unaffected. Between looo*" and 1050" some 
part volatilised. It no longer gave off a particles, while the 
iS-ray activity decreased rapidly, fiUling to half value in six 
days. During the same time a rays were emitted in slowly 
Increasing amotmts. 

Clean sur&ces of metallic bismuth placed for some time in 
solutions of the slow-change deposit removed 90 per cent of the 
substance emitting a particles. The bismuth thereafter emitted 
these a particles, activity decreasing somewhat slowly; the 
half-life period was 143 dajrs. The /8-ray activity of the solution 
remained unaltered by this treatment ; after the bismuth was taken 
from the solution the latter commenced slowly to emit « rays. 

A simple explanation is given by the assumption of three 
elements : radium D (rayless) ; E, giving rays only ; and F, 
giving a rays only. D volatile below 1050°; E does not 
volatilise at that temperature L) 1^ the parent of E, for after it 
has volatilised the amount of E rapidly becomes less. F volati- 
lises at 1050", for the wire loses its a activity. It is produced 
from E, for the a activity of the wire is slov/ly regamed. F, alone 
ot the three, is deposited on bismuth from solutions, and it is the 
element whose half-life period is 143 days, 

Meyer and Schweidler consider that this hypothesis does not 
completely satisfy the peculiarities of the curve of decay. They 
suggest a further intermediate product (thus RaE, and RaE?). 

Rutherford has shown the identity of poloniimi, radio-teilurinm, 
and Tadinm F. Polonium was the first radioactive substance 
discovered by Madame Curie. The sulphide precipitate from 
add solutions of pitchblende contained an active substance, 
which associated Itself with bismuth. With this element its 
properties are so closely allied that it is impossible to effect 
a complete separation. Madame Curie repeatedly precipitated 
the nitric-acid solution by water. The precipitate contains 
most of the active material Marckwald obtained the same 
substance by dipping a rod of bismuth or antimony in the 
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active aolutioii. These iormed an intensely black deposit, 
chiefly teHuriimir and veiy active ; he named the active matter 
radio-tellurium. Dissolved in hydrochloric add, all the tellurium 
was precipitated by hydrazine hydrochloride ; the active matter 
remained in solution. By repeating the process, Marckwald 
obtained a few milligrams of intensely active material 

There remains the question of the final product Radium F 
decays at a moderately rapid rate What becomes of it? Two 
lines of argument point to the conclusion that Itad is formed. 
On the assumption that the a particle is helium of atomic 
weight 4, then, since a particles are given out by radium and 
four of its products, the atomic weight of the final product 
should be 226*5 *-* (5 x 4) ^'S* L^d has the atomic weight 
207, a very close agreement. 

Again, Boltwood has shown that lead is present in all 
uranium-radium minerals, and the amount is greatest in the 
oldest — i.e. those in which the greatest quantity of uranium 
has disintegrated. This also points to the fact that the lead 
is derived from uranium, nnd therefore from radium. 

Thorium was discovered by Berzelius in 1828. It occurs rhu fly 
in Ceylon, the recently discovered mineral thorianite contaiiiiiig 
more than 70 per cent, of it. It is precipitated from solution by 
ammonia, and usually separated in the form of oxalate. Tiie 
metal has been prepared as a grey powder ; it burns brilliantly 
in air, and is easily dissolved by warm, dilute acids. The oxide 
ThO^ is usually obtained by calcining the oxalate or sulphate, 
A large number of the salts have been prepared. 

An account of the disintegration changes of tiionum has 
been given in Section i (pp. 530-534). It need only be 
mentioned here that the emanation is an inert gas strongly 
resembling the gases of the argon group, while tlie activity 
of radiothorium is several iiundrcd thousand times that of 
thorium itself. Rutherford suggests that the final disintegra- 
tion product of thorium may possibly be bismuth. 

Astfaim was discovered by Debieme in 1899, and inde> 
pendently as emamum by Giesd in 1902; it is precipitated 
with the group of cerium earths, and is closely alUed to 
lanthanum. It is many thousand times more active than 
thorium; although it strongly resembles that element, yet all 
the products of the two have entirely different decay rates — 
a sufficient proof of their separate identities. 
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Hahn, in 1907, succeeded in showing that actinium is rayless, 
its activity being due to its first product radiMottaim; this 
gives a rays only, corresponding to radiothorium. According 
to Giesel it resembles the alkaline earth metals, and can be 
precipitated from actinium solution by means of finely divided 
sulphur. It disintegrates into aotmiom X, independently di^ 
covered in 190$ by Giesel and Godlewski ; the separation is 
similar to that employed for thorium X. The emanation was 
observed by both Debierne and Giesel ; Godlewski proved that 
actinium X was its immediate parent. Debierne has recently 
noted the production of helium from this emanation ; Giesel has 
confirmed the statement. The analysis of the active deposit 
from the emanation is in c^-reat part the work of Miss Brooks. 
Her work led to the recognition of actiniiim A and B; Meyer 
and Schweidier consider that 0 and D also exist 

So far we have no clue to the atomic weight of actunum. 
But it corresponds to lanthanum; in that case it either comes 
between radium and Llionum, with an atomic weight of about 
230, or has a greater weight than uranium. Actinium emanation 
most probably belongs to the argon series, in the periodic 
system, when it follows that radio-actinium corresponds to 
radium (it resembles the alkaline earth metals) and actinium X 
occupies the space below gold. With similar treatment of the 
thorium products we can postulate some such arrangement as 
the following for the higher members of the periodic system ; 
it accepts the simplest hypothesis of disintegration— that it is 
accompanied by loss of mass. 
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There are several difficulties in the way of accepting such a 
scheme. For example, radium D has given no indications of 
any resemblance to the halogens ; on the contrary it strongly 
resembes lead. Although such hypotheses must therefore be 
put forward very tentatively, we can scarcely evade the con- 
clusion that many higher members of the series have almost 
coincident atomic weights, while there are several cases of 
at IlcIsL two elements occiipying one space in the table. Thiis, 
considering the radium and thorium products alone, their 
emanations are both inert gases strongly resembling the argon 
gases. To move one a space higher in the series, the difference 
in their atomic weights must be at least 25. If the hitherto 
published chemical work on the atomic weight of radium is 
in smy way near the truths this cannot be the case. Similarly 
radium F must have an atomic weight less than radium, and 
it closely resembles bismuth in all its properties. If the 
atomic weight of radium is 226*5, it seems certain that bismuth 
and radium F must occupy the same space. There are only 
two other possibilities. A somewhat similar table, put forwaid 
by Meyer and Schweidler in 1906^ assumes that uranium con- 
tains in reality a second element of much greater atomic 
weight, about 260, and that radium has the corresponding 
weight 255. In the second place, disintegration may result in 
the combination of two or more atoms of the product, giving 
an element of higher atomic weight ; in this case, the active 
elements will not appear in consecutive series in the periodic 
table. 

The second part of this paper will contain a fiiU account 

of radium and its emanation. 

The third part will include a description of the experi- 
mental production of transformation or transmutation of 
elements. 
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By A. R. CUSHNY, M.D., F.R.S. 

It is but seldom in the study of medical science that one has 
to treat of a question of such widespread interest, and, as I 
believe, of such paramount national importance as we have 
before us to-day, and it is to be deplinred that the medical 
profession has hitherto been able to answer only with un« 
certain voice, or, I might say, with two voices, the persistent 
demand for its opinion of the value of alcohol in therapeutics 
and in diet, 

This fatal lack of unanimity is to be ascribed in the first 
place to the feeling that alcohol has not proved devoid of 
usefulness in therapeutics in the past, and that we must not be 
hurried into its dismissal from the sphere of medicinal agents 
without due consideration; and the denial of its value in 
disease has been in many cases too absolute, and has, in fact, 
provoked a reaction in its favour in some minds that were 
perhaps prepared to accept a more restricted use of alcohol as 
a remedy than has hitherto prevailed. The greatest posbibie 
advance in the crusade against the abuse of alcoliol would be 
made, 1 think, if we could agree upon buinr formula that could 
be generally accepted, and I am not wiilKuit hope that this 
meeting may make some progress towards this solution. 

Another cause of confusion in the response of medicine to 
inquiry regarding the value of alcohol arises from ambiguity in 
the use of tenns. We are too apt to apply the term " stimu- 
lant** to anything that promotes eihilaration and animation, 
and dissipates what the eighteenth century called the spleen, 
and to regard the result as evidence of health and vigour. 
But stimulant is also used, in a more exact sense, to indicate 
anything augmenting the activity of definite organs. It would, 
I diink, conduce to more general agreement if the word could 

* A iMper md belon the Section of Physiology at the Britidi AMOcntiQii, 
Leicester, 1907. 
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be used strictly in this narrower sense in discussing the 
question of alcohol, and if its effects, beneficial or otherwise, 
were always referred to each individual organ. 

Alcohol affects so many functions of the body that it is 
impossible to take them all up in the time at my disposal, and I 
shall therefore limit my observations lu its action on nutrition, 
on the brain, and on the circulation. 

Its effects on nutrition are ascribed in part to its influencing 
the digestion and absorption of ordinaiy foods, and in part to 
its acting as a food itself. As to the first, its effects on the 
digestive processes, there is a very general belief, supported by 
apostolic authority, that alcohol improves digestion. A laige 
number of painstaking investigations have been carried out 
without fully confirming the popular view, however. It is true 
that the digestive ferments have been found to be accelerated 
by very small quantities of pure alcohol, but the acceleration is 
very small in degree, and is not observed when the forms of 
alcohol in ordinary use are substituted for the pure spirit, nor 
when this itself is added in quantities corresponding to one to 
two glasses of whiskey in man. As to the secretion of the- 
digestive fluids under alcohol, it has been repeatedly found that 
alcohol after absorption induces a flow of gastric juice, but this 
is devoid of, or poor in ferments, and can scarcely promote the 
preparation of food for absorption. The movements of the 
stomach and intestine may perhaps be more active after alcohol 
has been swallowed in a concentrated form, and this may 
perhaps be the basis of the after-dinner liqueur. And some 
evidence is presented that alcohol accelerates absorption from 
the intestine, as is true of many othor slightly irritant bodies. 

Thf ( {{Vets of alcohol on the di^a stion are therefore complex, 
for almost every factor in the ^-nn ess is altered in activity to a 
small extent when moderate quanliiies are taken. When one 
remembers, in addition, that the greatest influence of all on 
digestion is exercised by the taste and odour of the food, one 
is prepared for great divergences in the effects of alcohol in 
mail. And this is the only inference that can be drawn from 
the results of clinical incjuiry as to the value of alcohol as a 
stoniaeiiic in man. In some people the progress of digestion 
seems to be rather improved when wine is taken, but the 
improvement is small, while in others the reverse is true : the 
digestion is not accelerated, and may even be retarded by a 
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couple of glasses of wine. The actual amount of food absorbed 
from the alimentary tract is scarcely changed definitely in either 
direction. But however variable the reaction of the individual 
stomach to small quantities of alcohol may be, there is only one 
response when larger quantities are taken, and that is dis- 
oiganisalion of the whole process. And while the usefulness 
of alcohol in treating some digestive disorders may still be 
uncontroverted, Binz's dictum, l&at the healthy stomach needs 
no stomachic, and therefore no alcohol, must be the standpoint 
of the physician to-day. 

But it may be argued that while the absolutely normal 
stomach is capable of digesting thoroughly and eitracting the 
whole of the nutriment from the food offered to it, the arl^cial 
conditions under which most of us live necessitate measures 
which are unnecessary in a more healthful environment Does 
not the jaded appetite demand exceptional measures, and may 
not wine be used to render food palatable and promote gastric 
secretion and digestion just as other condiments are employed ? 
Shall he who seasons his food with vnne be condemned, 
while he who substitutes mustard may be regarded as of 
upright life and conversation? The objection to the habitual 
use of alcoholic beverages "for the stomach's sake," in the 
scriptural phrase, does not arise from its effects on the 
digestion, but from the tendency towards the habit being formed 
and from its action on the brain. 

In rcGfard to the second phase of the question of alcohol 
on nutrition — its food value— the last few years have witnessed 
experiments performed with such meticulous care that there 
can be but one opinion in the minds of those who have studied 
the subject. Over 95 per cent, of the alcohol inerested undergoes 
combustion in the tissues and is utilised by them as a source 
of energy. As regards its fate in the body, in fact, alcohol is 
strictly comparable to sugar, which is also an alcohol, though 
of a more complex nature than the substance under discussion. 
Like sugar, it is capable of supplying energy, which may be 
utilised in heat toniia.tion and mechanical work, and it may lead 
to the deposit of fat and to economy of the precious nitrogenous 
stores of the tissues. In fact, the;more closely the metabolism 
under alcohol is examined, the more closely is it found to 
conform to that under an eqidvalent amount of carbohydrate, 
and it seems to me that the protagonists in the* fight against 
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alcohol can only harm their cause by still refusing to accept 
these results. For the recognition that alcohol resembles sugars 
and fats in its fate in the tissues by no means implies that it 
is a suitable food in disease or in health. The same is true 
of vinegar and even of morphine under certain conditions. 
Before an oxidisable substance can be contemplated as a 
substitute, therefore, it must be shown that, given in quantities 
which have any significance in calories, it has no greater 
possibilities for harm than normal foods. Can alcohol be taken 
without toxic effects on the tissues in general, quite apart from 
those on the brain and more specialised organs ? On this 
point experiment has shown that when alcohol is substituted 
for other forms of food in persons unaccustomed to its use, 
it sometimes fails to act as an equivalent for some days, durmg 
which the deficiency has to be made up by the combustion of 
other available sources uf energy. This hns been supposed 
to indicate some specific toxic action of alcoliol on the tissues ; 
but there are grounds for believing that alcohol does not 
stand alone in this relation, but that the same phenomenon 
occurs when other unaccustomed but unimpeachable forms of 
food are suddenly substituted for those which the tissues have 
hitherto consumed, in this point, then, alcoiiol appears to behave 
in the same way as other nitrogen-free foods. 

But another series of investigations has shown that alcohol 
leaves the tissues in an impaired state in regard to the measures 
which the organism normally takes to protect itself from 
injuries either by living organisms or by poison& No eiperi- 
ments were needed to show that the abuse of alcohol le»ens 
the resistance to invasion by pathogenic oiganisms; the records 
of pneumonia in our hospitals and of cholera in the East 
indicate this beyond the shadow of a doubt But these fail 
to show beyond question that the habitual use of alcohol in 
small quantities, or its therapeutic use, has this effect; and the 
whole interest of the question at present lies in the dietetic 
use of alcohol as contrasted with the drunkard's abuse of it 
A number of animal experiments on the subject have been 
performed by inoculations of pathogenic bacteria, or of their 
toxines, before or after the administration of alcohol, the mortality 
being compared with that of animals inoculated in the same 
way but not treated with alcohol. In these the results have 
almost uniformly been arrayed against the use of alcohol, but, 
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unfortunately, the quantities of alcohol g^ven scarcely correspond 
to the moderate use in man. Even Laitinen gave his rabbits 
about I C.C. per kg., which would correspond to about 4-5 oz. of 
whisky per day in a man. This quantity was insufficient to 
cause symptoms of intoxication in bis animals, but the corre- 
sponding ratio could scarcely be considered, within the limits 
of moderation in man.^ Some recent worlc by Reid Hunt bears 
closely on this question, in that he finds that the continued 
administration of alcohol in small quantities renders mice and 
guinea-pigs much more susceptible to the effects of acetonitril, 
a poison which acts by the liberation of hydrocyanic add in 
the tissues. Hunt considers his results due to alcohol deranging 
the metabolism in certain directions, notably tending towards 
an acceleration of some oxidative functions. And in this he 
sees a specific difference between alcohol and the carbohydrates, 
in that these have of course no such influence on the metabolic 
processes. 

Hunt states that these changes arise from quantities of 
alcohol which correspond to that indulged in by "moderate 
drinkers," ina'^much as his animals showed no signs of intoxica- 
tion. But a drop of alcohol per day for a mouse corre?;ponds 
to an immoderate use in man ; and in view of the importance 
of his evidence, it is extremely desirable that a more accurate 
determination of the amounts of alcohol given were available. 
For while I think there can be no question that alcohol in 
exre?:s reduces the resistance of the general tissues to disease 
and may be deleterious to them in other ways, as Hunt's results 
indicate, it still remains undecided what is the lowest point in 
alcoliol administration capable of inducing these effects. 

On tlie whole, it must be conceded that small quantities 
of alcohui have not been proved to act delcLeriously on the 
tissues in general, but, on the other hand, the threshold below 
which alcohol is innocuous has not been ascertained with 
accuracy, and probably lies nearer the Umit of moderate use " 
than is generally recognised* 

' Since this paper was written, a further series of experiments has been 
pfljfc^f^i^ tiy Lttttnen, who finds thai tin praloiiged ndnunntration to anlmaili of 
qoanti^ of akohol correspoodoig to less than a glassftii of whiskey or two 
glasses of port v.'inr per day in man, exercise a distinctiy deletoiiooi nctkni on die 
Uood, and reduce the resistance to infection. 

* In view of the statement made by Prafetior Rdd Rimt during the 
diMDMion of this paper asd die later paUfcatioa by Laitiaeii Joit meiitioDej. I 
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The effects of alcohol on the centnd nervotis system differ 
veiy considerably in different individuals. In the lower animals 
they are marked by depression, the symptoms being exactly 
sin^lar to those of chloral or <^ the other narcotics. Occasion- 
ally, a transient excitation occurs, but this is due to the irritant 
action in the stomach, and is absent when more dilute solutions 
are administered, or when the alcohol is ingested in small 
repeated doses. In human beings the same depressant effect 
is often seen, the first symptoms being more or less drowsiness 
and heaviness, which subsequently pass into slumber. But in 
the majority of cases the first effects elicited are feelings of 
good fellowshij>, well-being, and liveliness, with increased con- 
fidence in the mental and physical powers. The face is flushed, 
the eyes bright, and the pulse and respiration are accelerated. 
Larger quantities lead to uncertainty and inco-ordination of 
the movements, shown in difficult and stammering sprt cli 
and staggering gait, and still larger amounts induce sleep 
and narcosis, which may pass into complete anaesthesia, and 
eventually prove fatal. The symptoms of intoxication, there- 
fore, appear to differ in the lower animals and in man, for 
while in liie former there are generally no signs of excitement, 
in the latter this feature may be very marked in the beginning. 
And even in man the effects of alcohol offer marked contrasts 
in different individuals, and in the same individual at different 
times. For the excitement is very much more marked when 
diinldng is indulged in in company with others, while when 
alcohol is taken with less exhilarating environments or in 
solitude, the excitement stage is very much less marked or 
may be entirely absent 

The effects of alcohol on the brain have been explained 
in two different ways : the view which appears at first sight 
to be the more natural one, is that it first stimulates the 
cerebral cells to greater activity and then depresses them; 
that is, alcohol is believed to act on the cerebral grey matter 
in the same way as strychnine on the spinal cord. And this 
view, that alcohol is a central nervous stimulant, is still widely 

feel that this paragraph requires mcxiirtcation. The very moderate use of alcohol 
(by which I mean the habitual daily consumption of one or two glasses of port, one 
or two pinis oCbe«r, or a gbst of whidDty) wppeus from Hw veteflKhet of time 
Miliorities to induce definite deteriontionof tbo tiittio% tttd to reader iStum mora 
gmcoptiUe to attack by diieaM. 
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entertained both by the laity and by dinidans, while the 
majority of experimental observers rather lean to the view 
suggested bySchmiedeberg and supported by Bunge, Kraepelin, 
and many others, that the stimulation of the brain is only 
apparent. According to this theory, the excitement is caused, 
not by the augmented vitality of the nerve cells, but by a loss 
of the associations which ordinarily retard the expression of 
mental activity.^ To adopt n mechanical simile, the brain may 
be compared to an engine litlcd with powerful brakes. An 
acceleration of the motion may be due either to mcreased power 
of the cng:ine (stimulation) or to the brakes beinq- taken off, and 
it may be difficult for an onlooker to determine which is the 
true explanation. The apparent evidences of increased mental 
activity under alcohol, however, have proved for the most part 
illusory, when carefully investigated. The closer one approaches 
to the engine, the more evident it becomes that what appeared 
to be the result of increased power is really the effect of the 
removal of the brakes. 

One argument against the stimulant action of alcohol is the 
narrow limits to which it is confined. All the recognised central 
nervous stimulants act on some particular part in small doses, 
but when larger amounts are ingested the stimulant action 
spreads over a wider area of the central nervous system, and 
gives rise to the symptoms characteristic of stimulation of that 
area. Caffeine, for example, first stimulates the mental functions 
apparentlyi but in larger quantities involves the motor sphere 

the bram, and may finally stimulate the cells of the cord. 
Alcohol, on the other hand, appears to have only a depressant 
action on the nervous tissues, except in the human cerebrum. 
It is true that the exceptional development of the human brain 
might permit of a departure which is without analogy in other 
forms of poisonmg. 

But when the excitement stage is more closely investigated^ 
it becomes apparent that all the cerebral functions are not 
facihtated by alcohol. It is common knowledge that under 
the influence of alcohol an individual may be more brilliant 

' When it was propounded the rule oi inhibition in the central nervous system 
was not appredated, or at any fate had not been expeiittiaitally demoostrated. 
Hie recent work of Sherrington has, however^ ihown that every movemextf in n>t ? n a 
Trntnr and inhibitory impnln^ and aeectt lo giTO « firm baait forlhadqmewm 

theory of alcohoL 
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in conversation, more witty, more social, more generous in 
sentiment, but that he is not so careful in his statements, and 
has not tluit consideration for his own position or that of others 
which he ordinarily manifests. 

The normal adult» in an environment which in a child would 
cause every symptom of exhilaration, maintains his self-control, 
partly because the position has lost its novelty, that is, he has 
associations which are wanting in the child, partly because the 
exuberance and gesticulations natural to the child are kept in 
check by his sense of the ridiculousness of these manifestations 
in later years. Remove the inhibiting associations, destroy the 
self-control of adult life, and the man becomes a child again 
in his sense of exhilaration and symptoms of excitement. The 
symptoms of intoxication which are ordinarily regarded as 
indicating stimulation of the brain do not necessarily involve 
this interpretation, but may be explained by a removal of those 
associations which ordinarily inhibit the external manifestations 
of emotion. 

In a word, it is generally recognised that some of the highest 
functions of the brain are thrown out of action by alcohol 
administered in quantities which induce the phase of exhilara- 
tion. The further question is : What functions are actually 
increased in activity, and how far is this increase dependent 
upon the reduced activity of the processes which are depressed 
by alcohol ? 

Much valuable evidence as to the effect of al( niiol on mental 
processes has been gathered in the psychological laboratories, 
especially by Kracpelin and his pupils, who have subjected the 
question to a large number of ingenious psychological tests. 
Thus it is found that typesetters do a smaller amount of work 
and make a much larger number of misprints when even a couple 
of glasses of beer are allowed, than when they perform their 
work without this drug. When a student was set to learn a 
number of meaningless syllables or a row of 'figures, he took 
a longer time to do so and made more errors in repeating 
them under alcohol than normally. Similarly, arithmetical 
calculations of all kinds were carried out much more slowly 
and with more errws, and the writing was slower and gave the 
impression of being that of an uneducated person who seldom 
had occasion to use his pen. Only in one respect was any 
increased aptitude shown— namely, in the transformation of 

36 
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an idea into movement And many ergographic experiments 
appear to show that small quantities of alcohol have the effect 
of temporarily increasing the capacity of doing muscular work, 
especially when the subject. is fatigued. This augmentation is 
only transient* and the total work done in the course of the day 
is considerably reduced by alcohol, as has long been demon- 
strated In the case of forced marcl^ng. These might suggest 
the view that the motor cells are first put in a state of greater 
activity by the direct action of alcohol on them, but another 
explanation is equally applicable, namely, that an ordinary 
movement is hampered by a series of associations, and that 
when these arc destroyed by alcohol the movement may be 
carried out more quicldy. At the same time, the associations 
in ordinary life not only retard the movement but also restrict 
and direct it, and the result of their absence under alcohol is 
shown by the awkwardness and inaccuracy with which the 
movement is executed. 

It is noteworthy that in these experiments those mental 
processes which were ordinarily performed readily were less 
retarded than others in which the subject was less practised and 
which required more effort. That is, the powers most recently 
acquired and most readily lost are those on which alcohol first 
acts, while those operations which have become habitual are 
less impaired. This is in complete accord with what is observed 
in the earlier sta^e of intoxication or exhilaration. The most 
recent acquisitions in adult life arc the power of self-control 
and the feeling of self-respect, whicli are manifested in regard 
for the conventions of life, and in the prudence which leads one 
to avoid many procedures which in earlier life might have been 
iiKlulgcd in williuul reproach. And under alcohol these are 
the first mental processes to be disordered. In vino Veritas^ 
in intoxication the natural man is exposed, stripped of the 
trammels of convention, and robbed of the fruits of experience 
and education. 

Many other results of these experiments are of interest, but 
cannot be entered on here One feature which (tears a fiuniliar 
aspect, and which was brought out dearly in many instances, 
is the confidence of the subject of the experiment that his efforts 
were unusually successful under alcohol, while the impartial 
record showed results far below the level attained during 
abstinence. 
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In all of these experiments the amount of alcohol taken was 
small, in no case sufficient to induce any of the more evident 
symptoms of intoxication. It is therefore of great interest to 
find in the later publications of Kraepelin's laboratory, that 
distinct impairment of the psychical powers was found to 
persist for a much longer time than would be anticipated ; the 
average efficiency was not regained until from twelve to twenty- 
four hours had elapsed after the akohol had been taken. If 
this proves to be true in the case of persons who have acquired 
a tolerance for alcohol, even moderate drinkers are never 
completely normal, their mental powers never recovering 
entirely from one dose of alcohol before the next is taken. 

The results of these investigations on the mental state under 
alcohol, as well as many others which I have not discussed, 
appear to place the theory that alcohol acts as a narcotic upon 
a firm basis. I do not hold that it is absolutely determined, but 
some more satisfactory evidence must be brought forward in 
favour of the stimulation theoxy before it can be considered as 
a rival to that of Schmiedeberg. And this evidence must define 
what functions are stimulated, and must not be a repetition of 
the old statement, that the tone and vigour of the nervous 
system are maintained by alcohol. 

But if the chief or even the whole action of alcohol on the 
brain were proved to be a narcotic one, this would not preclude 
its use in therapeutics. For here the chief object in the use of 
alcohol is not to induce but to repress cerebral activity, and the 
alleged stimulant action arises from a confusion of ideas ; a 
similar confusion is met with in regard to opium, which was 
also regarded as possessing stimulant properties which recom- 
mended Its use in acute diseases accompanied by cerebral 
symptoms. The result of both drugs is in reality cerebral 
depression, which manifests itself in a condiuun of euphoria. 
The disease often loses its strongest ally when the anxiety and 
worry of llu; {salient are allayed by alcohol. He feels less 
concern and more resignation, not because his soul rises 
triumphant through the stimulant action of alcohol, but through 
his brain being less capable of dwelling on his disabilities, 
because it is partially narcotised. 

Alcohol, therefore, is not to be regarded as exercising any 
unique action on the brain in disease, but resembles the other 
narcotics, and as a remedy must be compared with these. And 
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on the whole it emerges from the ordeal as not inferior in many 
points. Thus, none of them disturb the digestive tract less, 
and most of them exercise a more depressant effect on the 
centres tn the medulla oblongata ; for I think it may be taken as 
proved that in ordinary therapeutic doses alcohol does not 
depress the respiration, but, on the whole, tends to augment it 
even when no excitement is induced. Where a slight narcosis, 
suflficient to allay anxiety and induce rest is required, then, 
alcohol deserves consideration, but it is less certain in effecting 
a more marked depression, for which it cannot be compared 
with the modem narcotics. 

The effects of alcohol on the circulation have long been a 
matter of dispute, many clinicians holding that in failure of the 
heart and vasomotor centre alcohol is of service, while others 
have found that it may be dispensed with. The experimental 
results have recently been discussed by Dixon, who suggests 
that alcohol ma^- support the heart by actini^ as a food-stuff, 
and may thus increase the blood-pressure and improve the 
circulation. It is true that another observer has not been able 
to satisfy himself that akuliol acts as a food for the heart, but 
Dixon's results unquestionably re-open the question of the 
usefulness of alcohol in the treatment of acute circulator}' 
failure, in regard to which a sceptical attitude has more 
rect-Hily been adopted by many of the leaders of the medical 
profession. And in addition to any direct aetion un the 
circulation, alcohol may prove of value in circulatory lailare 
through its narcotic action in the same way as opium, over 
which it has the advantage of not inducing any embarrassment 
of the respiration. 

To sum up, alcohol may he of some value in therapeutics 
as an adjuvant to foods, in order to render them more attractive, 
and thus improve their digestion, and also possesses some food 
value itself. It acts as a cerebral depressant, and may be useful 
in certain diseases in this way, and it may perhaps aid the 
failing heart A small dose exercises no definite demonstrable 
poisonous effects on the tissues, and small repeated doses, though 
suspect, have not been shown to be deleterious.^ If alcohol were 
a new synthetic remedy fresh from Germany, it might probably 
be hailed as a useful addition to therapeutics, but its popularity 
as a remedy would be short-lived. Not because of its failure 

> But tee Ibotnote^ p. S54* 
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to subslaiitiate its claims as a narcotic, nor because it had 
proved fatal in the hands of physicians, but because an alcohol 
habit had been developed in some of the population. If one 
considers the few sporadic cases in which sulphonal or cocaine, 
for example, has given rise to a habit, and the discredit into 
which it has fallen hi consequence, and compares the cases of 
disaster from alcohol met with every day, one cannot but feel 
that the drugs have been weighed in very unequal scales, and 
that any one who discards cocaine— undoubtedly a drug of 
great vsJue^must, to be consistent^ condemn the use of alcohol. 
This seems to me to be the ground on which we must take 
our stand. Alcohol is a drug which may be useful in therapeutics, 
although I think it can hardly be considered indispensable, but 
which has so often given rise to habit that its use must be 
curtailed to the utmost limit In some conditions, as in old 
age and debility, it may be justifiable to neglect its drawbacks, 
exactly as in some forms of malignant disease the patient may 
be allowed to contract the morphine habit ; but let us at any 
rate advise it here with eyes open to the risks run, and with 
the recognition that we are prescribing a drug and not merely 
a placebo. It may be argued that alcoholism has almost never 
arisen from the therapeutic use of the drug, and it is true that 
the responsibility for alcoholism does not rest upon the medical 
profession in the same way as that for morphinism or cocainism. 
But the public are justified in regarding alcohol not as a drug, 
but as an artirlr of diet, as long as the physicians order it in 
the casual wa^^ which is familiar to all of us. How often is 
alcohol not ordered but allowed by the medical man at the 
suggestion of the patient, and how many piiysicians allow it, 
not believing that it will do any good, but assuming that it 
will do no harm, and even not hesitating to make the statement! 
The laity can hardly be blamed for ignoring the evidences of 
danger presented daily in their streets, if their scientific mentors 
themselves adopt this ambiguous position, and the medical 
profession cannot complain if they are accused of indifference 
towards the greatest evil of their country and their age. 
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It would be an interesting subject for a course of lectures 
or a series of articles to trace the effects of rotation in balls 
and other objects used in games and in other pursuits. Some 
of these are fairly obvious, as, for instance, the effect of a spin 
on a cricket-ball causing it to break after contact with the 
ground, or the effect of a screw in billiardsp where the ball has 
a rotation about an inclined axis and bounces from the cushion 
at an angle which by no means obeys the laws of reflection. 
Here also, in consequence of the rotation the height of the 
cushion has to be seven-tenths of the diameter of the ball, for 
in the case of pure rolling the upper part of the ball may be 
considered to be travelling more quickly than the lower part, 
and so, if the cushion were only the height of the centre the upper 
part of the ball would go on and take the rest of the ball with it. 
Less simple than these are the effects of the air in causing a 
spinning ball to veer awa}^ from the course that it would take 
if it did not spin. The best known of these is that shown by 
the flight of a golf-hall, which was first carefully investigated 
by the late Protessor I'ait. When the ball is fairly struck 
by the club, the front face of which slopes somewhat backwards, 
it is struck at a point below its centre. The rotation imparted 
is in such a direction as to cause the lower part to move forward 
most quickly and the front part to move upward. At one time 
it was supposed, and I believe clearly proved in the armchair 
in an analogous case, that the front porliun moving upward 
would cause the ball to roll, as it were, upon the air compressed 
in front of it, and so cause a departure from the natural trajectory, 
which in the case of the golf-ball w^ould be downwards. As 
every one knows, the exact reverse is the case, and a proper 
consideration of the action shows that it should be so, for the 
air-pressure can be shown, both by theory and by experiment, 
to be greater below a ball spinning and moving in the directions 
followed by a golf-ball than above. Professor Tait established 
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the fact that upward forces due to this cause may be set up 
which are two or three times as great as the weight of the balL 
Another example of this, but less easily followed, is the flight of a 
spherical bullet from a bent smooth-bore barrel. If such a barrel 
is curved in a horizontal plane so as to be suitable, according to 
the story of our childhood, for shooting any one round a haystack* 
the bullet, &r from continuing the curve which it was compelled 
to follow in the barrel, acquires therein a spin, owing to its 
rolling along on the concave side, and this spin produces a 
curvature when free opposite in kind to that of the barrel that 
gave the rotation. Such a curved flight of a ball is well known 
in games; the light ball of lawn-tennis when well cut follows 
a markedly curved course, and, best of all, the child's india- 
rubber air-ball or balloon when cut by a sweeping stroke of 
the hand curves rapidly upwards in its flight and provides the 
material for an excellent and violent indoor winter game. 

Mysterious as some of these air-effects may be, they are 
wholly eclipsed by the queer and apparently semi-contradictory 
effects of the rotation of a body which are noticed when 
anything is done to twist the axis of rotation into some 
other direction. If a grown-up and otherwise well-educated 
man had never seen a top spin, and, being familiar with 
the fact that such a body will not stand up upon its point 
when not spinning, and with the whole science of statics, 
were suddenly presented with the phenomenon of a spinning- 
top it is difficult to realise, familiar as we are with the 
result from our earliest child iiood, how great would be his 
surprise. The fact that it should stand up at all would seem 
sufficiently uncanny, but its gentle gyrations round the upright 
position, more rapid as the rate of spin diminishes, would seem 
to defy explanation. It is only universal familiarity with the 
phenomenon that prevents surprise or any anxiety in the 
majority of people to dissolve the mystery. It would be out 
of place in an article such as this to prove from the simple laws 
of motion propounded by Newton that a top should spin as it 
does, or, more generally, how any spinning body will behave 
when any forces are applied to it which would, if it were not 
spinning, move the axis about which it happens to be turning 
Into some diflerent direction. This subject is treated in a 
charming manner by Professor Perry in his book on Spinmng^ 
Tops and by Professor Worthington in his Dynamics of kataHoH, 



Dig'itized by Goo^^Ic 



564 



SCIENCE PROGRESS 



and with rigid accuracy by Professor Greenhill in his articles 
in the Entydopmdia BritannUa* It is sufficient here to state 
shortly the facts. Take the case of the spinning-top. This, 
if not spinning, would fail over, the toppling-over effect of 
gravity being greater as the inclination is greater. When 
the top is spinning the forces due to gravity are the same as 
before, tending to drag the axis of spin over and downwards, 
but in consequence of the spin it has a different effect: the 
axis does not move downwards but sideways, alwa3''s at right 
angles to the direction in which it is urged, and so the top 
gyrates. Further, the rate of moving sideways is greater as 
the rate of spin is less. 11 the point on whicli the top spins 
is adjustable so that it may be made to project more or less, 
or may be withdrawn until it is above the centre of gravitj^ 
then as it is fixed nearer to the centre of gravity the toppling 
effect of gravity will be less and the top will gyrate more slowly. 
When the point on which it spins is at the centre of gravity the 
toppling eff'ect of gravity ib destroyed, and so it ceases to gyrate, 
and when the point is raised higher still gravity tends to topple 
no more, but to set it upright : it then gyrates the other way. 
When gravity acts so as to make it fall iL gyrates m tlie same 
direction as it spins ; when gravity acts so as to set it upright 
it gyrates in the opposite direction. An example of a slow 
gyration of this sort is presented by the earth, which would, 
if it were spherical, maintain the direction of its axis of rotation 
indefinitely. Any star in the line of this axis would be for 
all time the pole star. Both the sun and moon in their attraction 
upon the " equatorial protuberance," or excess of matter outside 
the sphere, act in such a manner as to drag it towards the plane 
of the ecliptic, or the earth's orbit round the sun. If this is 
looked upon as a level, then the sun and moon act together so 
as to set the top upright The gyrations then are in the 
opposite direction to the spin, which is also the direction 
of revolution round the sun, and so the equinoxes precess." 
The pole of the earth describes a circle round the pole of the 
ecliptic once in about twenty-six thousand years. 

When a spinning body of other shape than a ball is projected 
through the air, the effects of the air upon the direction of the 
axis of spin, and hence on the motion of the body, give rise to 
numerous interesting problems. For instance, a disc spun and 
thrown by the right hand edgeways turns so that the right side 
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of it rises and it veers to the left ; on the other hand, a boomerang 
started with the same motion rises and comes back again. An 
elongated bullet neither follows the trajectory, like an arrow, 
nor maintains the direction of its axis, but conically screws 
itself round a line slightly above the trajectory. Whenever a 
spinning body is projected through the air which is in any 
respect different in its conditions from other cases which have 
been investigated, a new problem is almost certain to be found, 
and it is not safe to jump to conclusions. 

In the case of ^e diabolo spool there are really no diffi- 
culties, because the air-efiects are barely noticeable, and they 
are of the simple kind observed with golf-balls, tending to 
deflect the spool to the right as it &lls if it Is spinning rapidly 
with a right-hand spin. Ordinarily, in the draughty and eddying 
enclosures called gardens attached to houses in London, this 
deviation from a straight fall is not easy to detect, and it 
certainly is of no importance in the game. If, ho\\'cvcr, the 
spool were much lighter, and were ribbed or roughened Uke a 
golf-ball, the air-efifect would be increased. 

With an ordinary spool, the form of which it is unnecessary 
to define, the centre of gravity is above the string support. It 
is therefore unstable, and on whichever side it happens to 
incline, on that side, if not spinning, it will fall. Gravity acts 
in such a manner as to topple the axis of spin over towards a 
vertical direction. With the usual right-hand spin the hands 
are moved in such manner that the string is jerked tight when 
the right hand is rising, and is loose when it is falling-, and the 
spool gets its support mainly while the string under ii is moving 
from left to right. The upper part, therefore, moves from right 
to left. In order to correct the level of the axis, when for any 
reason this ceases to be level, it is necessary to apply forces 
twisting it not in the desired direction, but in a direction at 
ngiiL angles thereto. Any child will tell you to put the left 
hand lui ward if the far end is drooping. Putting the left hand 
forward means the application of a twist on the axis, tending to 
turn the far end to the right. This may be proved in a moment 
by placing the spool on the ground with the string under it 
and then gradually lifting it with the left hand forward. It will 
then, not being in a condition of spin, immediately turn so that 
the far end moves to the right. If the left hand is put forward 
when the spool is spinning, the effect of the tendency to twist 
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to the right is a movement in a direction at right angles to the 
tendency, and the far end rises. There are two directions at 
right angles to this tend^cy, one upward and one downward. 
It is puzzling sometimes to know which right angle will he 
followed. In the present case it is easy to tell hy refer^ce to 
the known movement of a top. Consider the axis of the spool 
to he the axis of the top and the &r end to he the support of 
the top, or point on which it is spinning in an anti-clockwise 
direction, the direction of gravity being supposed for the 
moment away from you. The action of the string tending to 
turn the far end to the right or the near end to the left corre- 
sponds to the action of gravity on the top when it is leaning to 
the left, tending to make it fall more to the left. It does not do 
so, but moves sideways in the direction of the spin, actually 
towards the earth ; or, in other words, the other end, or iisur end, 
is raised. If the spin is left-handed of course the result is 
reversed, and so it is a pity when learning and acquiring the 
habit to base it upon a consideration which roust be reversed 
when the direction of spin is reversed. The better instruction 
to follow is to jerk the business hand toward the high side- 
it being understood, of course, that the business hand is the one 
which, hy its upward jerk, imparts the spin. With such a rule 
as the early guide the instinct, which is quicker thriit the recol- 
lection and application of any rule, is from the tirst directed 
aright, and no conscious effort of reversal is needed whether the 
direction of spin is right or left handed or the near or the far 
end is falling. 

In order not to be tied to the crab-like method of playing 
sideways, which is so often seen, it is well to practise playing 
with a right or left spin indiftercntly. If playing alone, the 
change may be brought about by moving round to the side of 
the spool v,liich is moving upwards and catching: the spool on 
the stick held b^' the passive hand, then in ruiiiiing the spool 
down on to the string it will be found to be reversed in direction 
as seen by the player, but not as regards the points of the 
compass. This catching on the passive stkk is more easily 
effected, at first, at any rate, by catching on the active stick 
first and then catching it on the passive stick. The direction 
of spin may also be reversed by throwing the spool up and 
turning half round before catching it on the string. Quite a 
moderate amount of practice, reversing every time by one or 
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other method, makes the direction of spin a matter of perfect 
indifference. 

1 have already referred to the fact that it is necessary for the 
player to make a liaii-lui n if he would face the spool between 
every reversal. This is merely another way of saying that the 
spool maintains its direction in space — that is, it does so if it is 
perfectly balanced. It is impossible in that case, and provided 
that it is kept level, to get the spool to veer round to any appre- 
ciable extent If the disturbanoes were a good deal less than 
they are, it would in this country appear to follow the sun, but 
at the reduced rate of nearly 12° per hour, in consequence of the 
rotation of the earth. Though such accuracy is beyond practical 
attainment, the persistence of direction is very marked. If while 
spinning the diabolo a person walks round the garden, he will 
soon find he is getting his arms involved with one another, as the 
spool will not turn and the sticks must not either. Or if while 
travelling in the railway along a curve a passenger is sjnnning 
a diabolo and maintaining it level, the apparent turning of the 
spool will indicate the actual turning of the carriage in the 
opposite direction. A good place to try this is in the " Bakerloo" 
tube where it enters the Regent's Park in its northward journey, 
or in the Hampstead tube in the Euston district. 

I have insisted upon the necessity of keeping the spool level 
when making this experiment. Suppose, for instance, that the 
far end is down a little and that the usual right-hand spin is 
being applied, then, as the far end is down to a certain extent, 
the centre of gravity, instead of being above the string, is on the 
far side of this position, and grnvity tends to topple the spool 
over on the far side — i.e. to turn the spinning axis so that the 
far end moves downwards. Just as the tendency of the string 
support to turn the far end to the right makes it actually rise, as 
already explained, so this tendency of gravity to make tlie far 
end move downwards causes it, in consequence of its rotation, 
to go sideways, and the particular sideways in this case is to 
the right. If, then, a player desires to work the spool round he 
has merely, by thrusting one hand forward, to make one end d p 
SiitiK what, and then to keep spinning it in that position, wlicn 
it Will veer round — more quickly if the spin is slow— and then, 
when it has the required direction, to bring the low end up 
again by drawing the same hand towards himself. It does not 
matter whether the spin is right or left handed ; if the right hand 
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is put forward to cause one end to dip» the spool will then veer 
to the right, and vice versa, for the end that dips is reversed with 
a reversed direction of spin, and the action of the reversed 
tendency to faU, combined with the reversal of spin, gives the 
same direction of veering. This process was described by a 
speaker at the Physical Society at a recent meeting where I was 
showing a peculiar spool, to which I shall next refer. 

An ordinary fly-wheel or a disc is twice as effective as a 
fl} -wheel if it is mounted to spin in its own plane, as it would 
be if it were made to spin on one diameter as an axis. Its 
moment of inertia is said to be twice as great when spinning 
as it does in practice as it would be if made to spin about a 
transverse axis. On the other hand, n cliabolo spool or an 
elongated bullet is Ic^s effective as a ll^'-vvheel when spinning 
about its axis of rotational symmetry. In these cases the 
moment of inertia is a minimum, while in the former it was 
a maximum when spinning in the usual manner. Anything, 
whatever shape it may have, must have some direction about 
which the moment of inertia is a maximum or a minimum, and 
it may have a single transverse axis about which it is corre- 
spondingly a minimum or a maximum. 

If any body is set spinning about any axis and then liberated, 
it will continue to spin about that axis and resist disturbance 
only if the axis of spin is one of maximum or minimum moment 
of inertia. 11 Llic body were spun about any inclined axis and 
liberated, then, according to the position in the body of the 
inclined axis and the relative values of the maximum and 
minimum moments of inertia, the axis about which it there- 
after is momentarily spinning will move within the body 
according to one curve and in space accordmg to another, for 
which an explanation must be sought in Maxwell's Collected 
Works, vol. i. p. 248. If, on the other hand, the spuming 
body were a uniform sphere, in which the moments of inertia 
about all diametrical axes are alike, it would have no ten- 
dency to move the axis of spin in any particular manner 
within itself, and any disturbance would set thb axis wandering 
in the sphere, or, as Maxwell put it, the sphere has no dynamical 
backbone. 

It is not necessary in order that a thing should have equal 
moments of inertia in all directions that it should be spherical in 
shape. A long round thing has a minimum moment of inertia 
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about its axis of symmetry, while a flat round thing has a 
maximum moment of inertia about this axis. A bullet or an 
ordinary diabolo spool is an instance of the former, while a 
fly-wheel or a disc is an instance of the latter. A diabolo spool 
need not have the usual angle of about 70% it may be made 
longer or wider. As it is made wider the moments of inertia in 
the two directions become gradually more alike, and if it were 
made wide enough it would correspond in this sense to a 
fly-wheel, and the respective values would be inverted. There 
must be, therefore, some intermediate widtli or angle of cone 
which makes the moments of inertia in all directions the same, 
so that dynamically it is the same as a sphere. 

It is easy to prove that in the case of a thin hollow double 
cone, with the ends open and joined point to point, the proportion 
which gives the spherical.characteristic is reached when the angle 
of the cone is nearly no", or when the tangent of the semi- 
vertical angle is v/2. All matter added to such an ideal skeleton, 
without it equatorially mnlcrs the axis of rotational symmetry an 
axis of maximum moment of mertia, all added beyond in the 
direction of the axis makes this a minimum. A judicious 
addition of matter without and be3'^ond leaves the double cone 
dynamically the same as a sphere. If, then, a spool is marie 
of this angle, and of such a thickness as to give a convenient 
neck for the su mg by addition of matter without the ideal cone, 
and by the addition of aLuut the same amount beyond the ideal 
cone, the resulting spool will be dynamically very nearly a 
sphere. It is best to make it with an axial hole and with a 
very slight preponderance of matter without the ideal cone. 
The moment of inertia about the axis of spin is then just a 
maximum, and the spool spins perfectly. A number of sticks 
may then be made of different lengths and thrust centrally, 
one at a time, into the hole. If any one of these is so exactly 
chosen m length as to make the moments of inertia in all 
directions the same, then spinning becomes impossible for the 
reasons given. In order to ascertain if any stick is too long 
or too short it is merely necessary to suspend the combination 
from a torsion wire so as to oscillate about the axis of rotational 
symmetry and about a transverse axis successively. Then if 
the time of oscillation about the former is the greater, the stick 
is too short, and vice versa. In order to make spinning really 
hopeless the time of oscillation should not differ by anything 
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like so much as i per cent., but when equality to this extent 
is reached the spool becomes sufficiently unmanageable. 

When a stick has been properly adjusted the equality fails 
if the stick is not 'centrally placed, and the spool can be spun 
again quite easily. Now, however, being out of balance^ the 
heavy end in tending to foil actually goes sideways, and more 
quickly so at starting, when the spinning is slow. With a right- 
hand spin the heavy end, whichever way it is pointing, veers to 
the right. This may, of course^ be equally well shown with 
any spool which is unbalanced, or which is made so by attaching 
a nail or a lump of wax to one end. A stick too short to give 
the spherical property when centrally placed may, nevertheless, 
do this when pushed out of centre, and then, though the 
combination will spin perfectly in the first position it is 
impossible in the second. 

It might be thought that the ball in the game cup-and-ball, 
which at least is a sphere in fact, should not maintain its axis 
when spun with a view of being caught on the point. But here 
there are two answers. The first is that though outwardly 
a sphere the axial hole made for the point to enter destroys 
its spherical properties. This may be the case to the extent 
of an inequality in the moments of inertia of perhaps as much 
as 5 per cent, and this is quite rnough to give stability. I 
have, however, turned a groove in the equator of a %vell-made 
ball of this kind to such an extent as to bring the moments 
of inertia the same, at least to a small fraction of i per cent. 
I was rather surprised to find that 1 caught this sophisticate d 
ball the first time i tried it. The case, however, is not parallel 
with the diabolo spool in this respect. While the tweaking of 
the string on the spool is certain not to be exactly symmetrical 
and free from disturbing influences, the axial string from which 
the ball is suspended lifts it when spinning with a pull which 
must be as truly axial as the turned work is round, and so the 
disturbance, if any, must be so slight that the ball, in the short 
time that it is free, has no time to take up an appreciably dilferent 
position before it is caught. All the time that it is on the string 
it is held true, while, on the other hand, the spool is only * 
supported and tweaked by the string a very small fraction of the 
whole time. 

Of all the ap pliances in the class-room for illustiating the 
precessional properties of rotating bodies I do not know one 
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which is 80 inexpensive, simple, and handy as the now popular | 
diabolo. It is whispered that mathematical professors do j 
not always Illustrate what they wish very successfully when • 
using gyrostats and Maxwell and other tops. The diabolo ' 
seems to have been invented for their special benefit. A < 
complete and proper demonstration of the points described I 
above, and of many others, no doubt, would add enormously I 
to the joy of the class. If at any time the spool should prove 
refractory the expositor could fall back upon the convenient 
formula tan 6 = ^2, which in time might be contracted to tan, 
and would so serve the double purpose of an explanation and 
a harmless but comforting expletive. As a game 1 do not 
at ail feel inclined to agree with the view thnt it is not worth 
while, that it is silly, that it is a mere passing craze. It may, 
and no doubt will, go out of fashion as quickly as it came in, 
if indeed it has not already done so, but that is not the fault of 
the game but of society, who equally threw over cycling before 
the motor car had destroyed that invigorating pursuit 
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By G. T. morgan, D.Sc , F.I.C 
Eoyad College <f Science, London 

The medicaments fjalling into the category of synthetical drugs 

are those which are built up by chemical means from simpler 
carbon compounds, and not extracted ready-formed from 

products of the vital activities of plants or animals. In thig^ 
article it is intended to discuss in simple terms the chemical 
nature of a typical selection of these therapeutic agents, the 
trivial or commercial names of which are often household 
terms. 

In 1906 chemists from all parts of the world gathered 
together in England to celebrate the jubilee of the coal-tar 
industry, the fiftieth anniversary of the discovery of the 
colouring matter, mauveine, by the late Sir William Perkin, and 
1906 may also, be regarded as the jubilee year of the synthetical 
drugs, for it was in an attempt to synthesise from aniline 
the valuable alkaloid, quinine, that Perkin discovered mauveuie, 
his researches on aniline being the pioneers of other investi- 
gations which led to the employment of this remarkable base, 
aniline, in the production of compounds of therapeutic value. 
It is therefore, at the outset, necessary to consider, even though 
very briefly, the chemistry of aniline and its parent hydrocarbon, 
benzene. The latter substance, discovered by Faraday in 1825, 
is the chief constituent of the volatile oil obtained on* dbtiljing 
ordinary coal tar. Chemical analysis shows that the compound 
consists of twelve parts of carbon united with one part of 
hydrogen or, in the language of the atomic theory, one atom 
of carbon combined with one atom of hydrogen. Furthermore, 
a consideration of its vapour density and other physical 
properties indicates that a molecule of this hydrocarbon — 
that is, its smallest conceivable part — is somewhat complex 
and contains no less than six of these pairs of atoms. A 
general survey of the compounds of carbon shows that this 
dement possesses in a marked degree the property of accumu- 
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lating in the molecules of these substances. In certain organic 
compounds the carbon atoms are arranged in chains which 
are either straight or branchmg. If we consider one of these 
chains having six carbon atoms, and if we suppose further 
that the chain is coiled so that the ends meet like a snake with 
its tail in its mouth, we then get a representation of the carbon 
backbone of the benzene molecule. To each of these carbon 
vertebrae one of the hydrogen atoms is attached ; and now to 
give the finishing touch to our benzene ring we must consider 
what is the usual habit of combination of carbon in the many 
substaiii ( s ill which it is present. Of the thousands of carbon 
compounds known there are scarcely any which furnish excep- 
tions to the general rule that this elemeiU is quadrivalent, or in 
other words that its atom has four bonds or valencies with 
which to attach itself to other atoms. 

The following grajiliical formula I. for benzene indicates 
one of several ways in which this condition is satisfied, this 
particular mode of representation being due to Kekule : 

H NO, NH, 

n6 cH h/ \h h/ \h 

h4 Ah hJ[ <iH <!h 

w c c 

" H H 

I. II. III. 

The double linkings represent points of great reactivity 
in the molecule, and their presence exerts a very prnfuund 
influence on the chemical properties of benzene and its deriva- 
tives. It is, moreover, largely owinj^ to these double linkings 
that benzene derivatives are so frt qiu ntly of therapeutic im- 
portance. The physiological action of benzene itself is, however, 
only slight, the compound having merely the depressing hypnotic 
effect characteristic of the hydrocarbons in general. 

Antipyretics 

Aniline (formula III.) is derived from benzene by first treating 
the hydrocarbon with nitric acid whereby nitrobenzene (formula 
II.) .is produced and then replacing the oxygen atoms in the 
latter compound by two iiydiugen atoms, lins process is 

37 
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called reduction, and is carried out very simply on a large 
scale by heating the nitrobenzene with iron filings suspended 

in slightly acidified water. Aniline resembles ammonia in 
some of its properties, for it is a base capable of yielding well 
crystallised salts such as aniline hydrochloride and sulphate. 
Both the base and its salts have a marked physiological action, 
and in fact they are powerful poisons. These substances have 
a beneficial effect in lowering the temperature :ind subduing 
pain, but on the other hand the}' have a very deleterious action 
on the red corpuscles of the blood, bringing about a destruction 
of the haemoglobin. Aniline poisoning is characterised by the 
blue appearance of lips and nails, failure of respiration, giddiness, 
coma, and finally death. These acute symptoms are, however, 
considerably diminished by converting aniline into its acetyl 
derivative, uccLj.nilidc, a substance which has been emploj^ed 
as an antipyretic under the name of r7/////vV;r/;/ ^ (fo] iiiula iV.). 
This compound is readily prepared by lieaLmg together aniline 
and glacial acetic acid ; CeH^NHj, CH, . COtH — HjO = 
C,H,.NH.CO.CH,. 

NH.CO.CH, NH, NH.CO.CH, NH.CO.CH(OH).CH, 

0 0 0 0 

OH OC,Hj OC,H, 

nr. V. VI. vii. 

It should, however, be borne in mind that the acetyl group 
CO.CHs is readily removed within the tissues either by 
hydrolysis or oxidation, so that aniline is regenerated, and its 
poisonous efTect is produced only in a less acute form ihim 
when the base itself is administered. The continued exhibition 
of antifebrin is to be deprecated as likely in the long run 
to produce aniline poisoning. It has been found that aniline 
is converted in the system into para-aminophenol (formula V.), 
which is then eliminated in combination either with sulphuric 
acid or glycuronic acid COH . [CH . 0H]«. CO|H. This action 
of the organism in converting aniline into the less poisonous 
par»^uninophenol has been taken into account in the production 
of the antipyretics of the phenacetin series. 

' The lull gxaphical reprcBentatioii of die beniene riag or nudeos in fonnalas 
1. to in. has now been simplified to the iMJOigon vqpiesented in formulae IV., V., 
etc. It will be sr>cn that this benzene nxideut ia present in the majority of the 
synthetical drugs discussed in this article. 
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Phinaciim itself (formula VL) is a febrifuge and an analgesic 
whidi is conveniently prepared by the following series of 
operations: Pbra-nitrophenol (VIII.) obtained as one of the 
products of the action of nitric acid on phenol (carbolic acid) 
is converted by treatment with ethyl sulphate (ethylation) into 
nitrophenetole NOt.CsH4.0.CsHi, and this substance is re- 
duced to phenetidine (IX.). This base when treated in succes- 

NO, NH, N « N N N 

0-0-0 O-O'O 

OH OQH» OCsU* OH OC.H. OC.H« 

VIII. IX. X. XI. 

sion with nitrons arid and an alkaline solution of phenol 
yields the complex compound (X), which is then ethj'lated to 
form the substance XI. It will now be noticed that the product 
XI. is symmetrical about the dotted line, and when it is reduced 
with tin and hydmrbloric acid it splits into two parts at this 
puuU, each half taking up two hydrogen atoms and giving rise 
to a molecule of phenetidine (IX.). One molecule of phenetidine 
is made to undergo the series of changes represented by X. 
and XI., while the other molecule is acetylated and thus 
converted into phenacetin (VII. ). This mode of procedure is 
adopted because of the difficulty of preparing pure paranitro- 
phenol, and in this way an initially small amount of para- 
nitrophenol can be made to produce a large quantity of 
phenacetin. This drug is somewhat sparingly soluble in cold 
water, but when the acetyl group is replaced by the lactyl group 
CO.CH(OH).CHs derived from lactic add a more soluble 
compound is produced to which the name hchpkmin (formula 
VII.) is given. This substance has an antineuralgic action ; its 
lactyl group is more readily split off than the acetyl group 
of phenacetin, and this change occurs under the influence 
of the add gastric juices, whereas phenacetin, mttkaaim 
NH(CO. CH«). CfHi. OCHii ir^hemn, and other substances of this 
series are hydrolysed only by the alkaline juices of the intestine. 

Antiptyrine, one of the most important drugs of this group, 
was originally discovered by Knorr in 1883 in an investigation 
on the condensation of phenylhydrazine, C0H4.NH.NHf, and 
ethyl acetoacetate, CH3CO . CHf . COiCiH^ These two sub- 
stances, the former of which is an aniline derivative whilst the 



Dig'itized by Goo^^Ie 



576 SClLiNCE PROGRESS 

latter may be regarded as a complex sul>stance of the acetic 
acid series, interact to give rise to a compound containing 
a new ring in the manner indicated in the fallowing diagram : 

C»H|^ C|H« 



Nffi.: CO H CO + CH,.OH-l-HiQ 

! : I "J 
CH,.C:0-* CH, CH,.C CH, 



XII. 

• This product, phenylmethylpyrazolone (XII.), is physio- 
logically inert, but on methylation (treatment with methyl 
iodide) it gives rise to phenyldimethylpyrazolone (XII L) or 
antipyrine* ' 

• • 

N N 

I / \ / \ 

CH,.N CO CH,.N CO 

II II 
CH,.C==CH CH,.C=™C.N(CHJb 

Xiil. XIV. 

This compound is a valuable antipyretic and antineuralgic ; 
it reduces febrile temperatures to the normal, and the subse- 
quent rise of temperature is gradual and unaccompanied by 
^ivering fits. The reduction of temperature is maintained 
for eight to twenty hours. 

Knorr's good fortune in synthesising a therapeutic agent 
of this order is gauged by the fact that although many other 
derivatives of the pyrazolone series have been prepared and 
patented as antipyretics, only one has shown itself to be of 
anything like the same value as antipyrine. The drug in question 
is the substance pyramtdon^ which has been placed on the market 
by the firm of Meister, Lucius & BrQning, who were also the 
first to prepare Knorr's antipyrine on a manufacturing scale. 
P3'ramidon, dimethylamino-antip3'rine (formula XIV.) is prepared 
by treating antipyrine with nitrons acid, reducing the resultmg 
nitroso-antipyrinc to amino-ainii»yrine and then finally methy- 
lating this base to obtain the required compound. This drug 
is thrice as active as antip^^rine ; its action begins luore 
gradually and continues for a much longer time. It is prescribed 
in rheumatism, influenza, and typhoid fever ; it forms salts with 
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the acids of which the most important therapeutically are the 
salicylate and bicamphorate. 

Migratrnm, another drug of this series, is antipjrrine-caffeine 
dtrate ; it is indicated in influenza, neuralgia, and insomnia. 

Tfigmim (M., L & B.) is an sidditive product of pynimidon 
and butylchloral hydrate CCl* . CH* . CH* . CH(OHX which has 
a marked analgesic action. 

ANiESTHETICS 

Closely allied chemically to the phenacetin series arc some 
of the cocaine substitutes employed to produce local anajsthcsia- 

Holoraine is the hydrochloride of the base XV. produced 
by condensing phenacetin and phenetidme, C2HiO.C6H4.NHj. 
in the presence of phosphorus oxychloridc, an agent which 
serves to remove a molecule of water in the manner indicated 
below 

NH.C=i6 H,i, N NH-C - N 



0 «0 



ocH# cm:^ OCH. 0C,H4 

3CV, 

As an anaesthetic for operations on the eye its effect is 
prompt and lasting, and is not accompanied by mydriasis or 
disturbance of the accommodation of vision. On account of 
its toxic properties holocainc is not adapted for hypodermic use. 

Orthoform (XVI.) and netu orthojorm (XVII.) are the names 
applied to two isomeric bases the latter of which is generally 
NH, OH NH, 

CO, . CHt CO, . CH. CO, . C,H. 

xvL XVII. XVI n. 

employed at present owing to its lower price. Like cocaine, 
these compounds render insensitive the nerve-endings and nerve- 
trunks with which they come into direct contact. This local 
anaesthesia is, however, not produced through the unbroken 
skin. A similar substance, Aricesthesine, ethyl para-am inoben- 
zoate (XVIII.) is also employed as a local anaesthetic, and is 
non-irritant and non-toxic. The three foregoing compounds have 
been placed on the market by Messrs. Meister, Lucius & Brtlning. 
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Novocaine^ a derivative of anafsthesine the formula 

NH, , C I I, . CO, . C2H4 . N(CaHaX., HCl, i:, a powerful local 
non irritant anaesthetic, seven times less toxic than cocaine, but 
somewhat transient in its effects. 

Alyptne, a local anaesthetic recently put forward by the Bayer 
Company, is the hydrochloride of tetramethyldiaminodimethyl- 
ethylcarbhiyl benzoate (XIX.). 

CH,.N(CH,)a CH, 

CH».C.O.CO.C«H. C.H..(i.O.CO.CJH« 

((H,.N{CHOh J;H«.N(CH.) 
XIX. XX. 

This drug has the useful properties of cocaine without its dis- 
advantages, as even in large doses it does not injuriously 
affect the heart or respiration, and moreover it does not 
produce mydriasis. 

SiotMUMe is the hydrochloride of a similar base (XX.) ; it is 
produced in the so-called Grignard reaction by the interaction of 
magnesium ethyl bromide and dimethylamino-acetone followed 
by benzoylation of the product 

Hypnotics 

It has already been pointed out that the hydrocarbons them- 
selves have slight hypnotic properties, which, however, become 
more pronounced when hydroxyl (OH) is introduced into the 
molecule. This increase in physiological activity is not, however, 
due to any narcotic action of hydroxyl, which on the contrary 
has a stimulating tendency. The opposing tendencies of the 
hydrocarbon and hydroxyl groups are illustrated by the well- 
known physiological action of ethyl aicohoL Morphine, again, 
owes its therapeutic action to the presence in its molecule of 
two hydrozyls, for when these are replaced by methozyl or 
ethoxyl the narcotic properties of the alkaloid disappear. 

In this connection the hydroxyl must be regarded as an 
unsaturated group owing to the presence of bivalent oxyp:en, jind 
the physiological function of these unsatnrnted groups (hydroxyl, 
carbonyl, CO, and the doubly and trebly linked carbon atoms 

^=(f^and ~CsC— ) is to furnish points of attachment between 
the drug and the reacting compounds of the protoplasm. 
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The synthetical hypnotics fall into three groups : (i) those 
containing halogens ; (2) those contaming alkyl groups and 
particularly the ethyl group ; (3) those containing aldehydic or 
ketonic groups. Some hypnotics owe their soporific properties 

to a combination of these characteristics. 

Isopral (trichlorot'iopropyl alcohol) is an example of an alcohol 
containing chlorine, recommended by the Bayer Company as 
a substitute for chloral hydrate. Isopral is more efficient than 
chloral and is freer from the depressing efifects of the latter. 
Moreover, it is devoid of any cumulative action or unpleasant 
after-effects. 

Diethyl barbituric acid (XXI), aUo known as veronal, may be 
regarded as an example of a hypnotic containing alkyl groups. 
It may be produced by condensing urea (carbamide) with either 
diethylmaloi^jy 1 chloride or ethyl diethyliiialunate, and many 
other methods of pnpaiaUun are being patented even at the 
present time. Veronal is a colourless inodorous crystalline 



CO.Ia Hj.MH CO-NH 

C(C,H»), + CO -»> C!(c,HOb CO + sHa 

CO . id H i . Nii^ CO - Nri^ 



XXI. 

powder melting at 191^ and dissolving in 12 parts of boiling 
and ui 145 parts of cold water. It is a very satisfactory hypnotic 
and sedativei rapid in its action and firee from untoward sequelae; 
it has no disturbing effect on the heart or respiration. Hscber 
and Mering, who discovered veronal, have since suggested the 
employment of dipropylbarbituric acid under the name of 
propanal. This substance is also veiy rapid in its action, doses 
of 0*2 gram inducing sleep in from fifteen to forty minutes. 
H^kmal is a compound of comparatively simple structure 

H 

Q \iy^^ . O . CO . NHa which is advocated by the Bayer Com- 
pany as a safe soporific. Experiments have shown that this 
compound is completely oxidised in the system to water and 
carbonic acid, and it is accordingly quite devoid of any cumulative 
action. It is indicated in cases of sleeplessness due to mental 
strain or occurring in the course of neurasthenia or hysteria. 
When a prolonged use of hypnotics is required it serves as 
a useful alternative to the other soporihcs. 
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There is an interesting class of hypnotics containing sulphur 

which illustrate the influence of the eth^^l group in the de- 
velopment of the soporific effect. They are produced by the 
condensation of ethyl mercaptan, C^H . SH, with a ketone, 
RR^:C:0, whereby a mercaptol, RR^ : C(S . QH5) 2, IS pro- 
duced, which is then oxidised to a disulphone XXii. 

XXII. XXIII. 

When acetone (CH3)2C : O is employed in the condensation, 
sulphonal {C\\^)tC{SOi . CiW-^i is ultimately obtained; when 
diethyl ketone is used, ictronal (CjHj),C(S0.2 . QHft)2 is the 
final product, whilst methyl ethyl ketone leads to the pro- 
duction oi trional (Bayer). The hypnotic action increases with 
the number of eth}^ groups, tetrona] having the strongest 
narcotic effect. Trional, the intermediate member of the series, 
is, however, most often employed. 

Antiseptics and Astringents 

In considering the febrifuges, aniline was taken as the 
starting-point, and, in a discusdon of antiseptics, phenol (carbolic 
add, XXrV.) may be regarded as the prototype. 

OH OH OH 

0 0 » 

CHi CH, 
XXIV. XXV. XXVI. 

Phenol was, in fact, the first antiseptic recommended in surgical 
practice when it was employed in the original met hod of 
operation introduced by Lister. Although free from the 
destructive action exerted by aniline on the red corpuscles, 
phenol is a powerful irritant, and can only be administered 
internally in very small doses ; in larger amounts it has a 
paralysing effect on the motor nerve-endings. The intro- 
duction of a methyl group into the nucleus as in para-cresol 
(XXV.) brings about a diminution in the poisonous character 
of phenol and at the same time increases the germicidal power 
of the substance. Un this account the isomeric cresols (para-, 
meta-, and ortho-) are extensively used in disinfectants of the 
lysol type. The further substitution of halogen atoms for the 



OH 
|^CO,H 

XXVII. 
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hydrogen atoms of the benzene nucleus also greatly increases 
the gennicidal efiicdcy of phenol and the cresols. Tetiabromo- 
para-cresol (XXVI.) and tetrabromo-ortho-cresol are among 
the most powerful of known germicides. 

It has generally been found that the introduction of the 
acidic groups, carboxyl, COiH, and sulphonyl, SO«H, diminishes 
very markedly the toxic action of a drug. Benzoic add, 
CJi«.CO,H, for example, is a substance producing only a 
very slight physiological effect When a carboxyl group is 
introduced into the phenol molecule in a position contiguous 
to the hydroxj'l group salicylic acid (XXVII.) is obtained. This 
product, in the form of its sodium salt, is a very important 
drug ; it has 'd powerful antiseptic and germicidal effect, is 
free from the caustic property exhibited by phenol, and it 
has, moreover, a syK'cific action in acute rheumatism. In its 
internal effect it greatly resembles quinine, even to the extent 
of producing a ringing in the ears and transient deafness. 
When there is toleration of the drug the exhibiiion of salicylic 
acid gives excellent results in the treatment of rheumatic 
troubles, but in certain rases the acid is apt to produce gastric 
disturbances, and to overcome this unpleasant effect various 
derivatives of salicylic acid have been put forward. 

The well-known drug nspirui, acetylsalicylic acid (XXVIII.), 
is a good example of this series. 

O.CO.CH, OH OH 



Owing to its insolubility in the gastric juice it is devoid of 
the irritating action of salicylates on the stomach, but it is 
decomposed by the alkaline intestinal juices setting free salicylic 
acid. In order, however, that its action may be entirely 
beneficial it is important to bear in mind that alkalis of any 
kind should not be administered immediately after aspirin. A 
weak arid, such as dthc acid, iS| on the other hand, a useful 
adjuvant. 

The salols are also emplo3'ed to avoid the ill effects of 
salicylic acid on the stomach. They pass through this organ 
unchanged, and are then decomposed by the alkalis of the 
intestine. In these circiunstances salol itself (XXIX.) is then 





xxvni. 



XXIX. 



XXX. 
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hydrolysed into salicylic add and phenol. As the latter 
substance may in the long run produce toxic effects, an 
improvement on salol has been made by the Bayer Company, 
who have brought forward the product acetyl-para-aminosalol 
(XXX.), or saloph^H. This substance, like salol, is insoluble 
in the gastric juice, but when hydrolysed in the intestine it 
furnishes sahcj^lic acid and acetyl-para-aminophenol, an in- 
nocuous product like para-aminophenol itself {see p. 572), which 
is eliminated without further change. 

Mcsoian (Bayer Company), HO . C.H^ . CO, . CH, . OCH3, 
another drug of this class, is chiefly employed in external 
applications for the local treatment of rheumatic and gouty 
affections ; it is used as a substitute for oil of wintergreen, 
and is free trom the disagreeable properties of this substance. 

Although benzoic acid is a comparatively inert substance, 
the introduction of a double linking between the carboxyl 
group, COiH, and the benzene nucleus leads to the formation 
of a more physiologically active compound, namely cinnamic 



Drs. Jowett and Pyman, of the firm of Burroughs, Wellcome 
& Co., have endeavoured with success to combine the useful 
properties of salicylic and cinnamic acids in methyl cinnamyl- 
salicylate (XXXI 1.), a compound which has been exhibited 
in rheumatism and allied conditions with excellent results, 
being tolerated in cases where aspirin has given rise to 
dyspeptic symptoms. When given with quinine it prevents 
the headache and other symptoms of quinism observed in 
those who are sensitive to this alkaloid. Cinnamic acid in 
the form of its sodium salt has been recommended in early 
cases of tuberculosis. When injected intravenously^ into 
animals it produces a marked increase in the number of 
white corpuscles, many of which assume a more active form, 
indicated by a more g:ranular appearance of their pruluplasm. 
This phenomenon is known as leucocytosis, and this increased 
activity of the leucocytes is an important factor in the combat 
incessantly waged by these cells, and more particularly their 



acid (XXXI.). 




O. CO.CH :CH.C»H* 



XXXI. 



XXXIL 
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active polymorphonuclear forms, against the germs of disease. 

In Germany a dilute aqueous solution of sodium cinnamate is 

emplo^^ed subcutaneously under the name of hetol. A solution 
of this salt in glycerine was suggested for the same purpose 
by the writer of this article in 1902. An 11 per rmt. solution 
in this solvent is quite stable and free from any tendency 
to deposit crystals. The high temperature required for its 
production ensures its sterility, and its viscidity prevents a 
too rapid inixinj^ of the solution with the bloud stream, and 
thus prumotes a more sustained local action. The physiological 
activity of cinnamic acid is undoubtedly due to its unsaturated 
ethylene linking, and in this connection it is interesting to 
notice that an even more unsaturated acid, namely, phenyl- 
propiolic acid, C0H5 . C • C . CO^H, which contains a treble 
(acetylene) linking, has been used for laryngeal and pulmonary 
tuberculosis in the form of its sodium salt under the designation 
of (kenmol. 

An extension of this dnnamate treatment to cases of 
malignant disease has led to the employment of substances 
combining the properties of salicylic and cinnamic adds, and 
the writer has suggested the use of the three isomeric coumaric 
acids. Of these isomerides the ortho-acid (XXXIII.) 

OH OCH, OCH, 

^^CH : CH . CO,H ^^^^ 

XXXIII. XXXIV. XXXV. 

has given the most promising results, both clinically and in 
germicidal experiments in vitro. 

The carbolic acid coefficients of germicidal value in respect 
of Baciilm typhosm estimated by the Rideal- Walker method are 
6*5 for ortho-coumaric acid, 4*5 for the met:? -acid, and 4*0 for the 
para-acid. These alkali coumarates and fylmarine, a preparation 
of the ortho-acid suitable for internal application, have been 
prepared by Messrs. Martindale. 

Guaiacol, the monomethyl ether of ortho-dihydroxybenzcne, 
a substance either obtninprl from beechwood tar or produced 
synthetically from (m iho-anisidine, CH3O . CoH* . NH2, is fre- 
quently indicated m tuberculosis, either free or in combination. 
Beuzosoi, prepared by Messrs. Meister, Lucius & BrOning, is 
guaiacoi benzoate (XXXV.), which is split into guaiacol and 
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benzoic acid in the intestine. Duotal and creosotal prepared 
by the Bayer Company, are respectively the guaiacoi (XXXVa) 
and crcosol carbonates, 



which exert a favonrable action on tuberculous conditions without 
irritating the stomach. 



The synthetical medicaments described above have been 
employed as substitutes for the naturally occurring drugs, from 
which they generally differ entirely in chemical structure. The 
antipyretics of the phenacetin and antipyrin series have been 
used successfully as quinine substitutes, but nevertheless they 
do not resemble this alkaloid in chemiad constitution* These 
differences are, moreover, not without their physiological 
counterpart, for in one respect at least the synthetical febri- 
fuges differ from quinine, and that is in having no specific 
action in malaria, a malady in which the aUcaloid exerts a 
well-defined beneficial influence. In this section an example 
of the successful synthesis of a naturally occurring drug will 
be discussed. 

In 1901 Takamine and Aldrich, working independently, 

succeeded in isolating in a crystalline condition the active 
principle of the suprarenal capsules This substance, which 
exerts an extremely potent influence in raising the blood-pressure, 
is the most powerful haemostatic and astringent known. Its 
constitution was investigated by Von Fttrth, Pauly, and Jowett ; 
and in 1904 the last of these investigators indicated three 
formulae for the base, stating that he considered that of these 
the following (XXXVl.) was the most probable: 



A compound having this constitution has since been synthesised 
by Messrs. Meister, Lucius & Bruning, which appears to 
have chemical and physiological properties identical with 



70 . C.H, . OCH3 
\0 . C.H« . OCHi 
XXXV A. 



Synthetical Sufrarenine 



OH 
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those of the naturally occun ing base. In carrying out this 
synthesis, catechol (XXX VI I.) (ortho-dihydroxybenzene) is 
treated with chloroacetic acid, CHjCl.CO,H, 



OH OH OH 




CO . CH,Cl CO . CH, . NH . CH, 

XXXVII. XXXVIII. XXXIX. 

the resulting chloroacetylcatechol (XXXVIII.) is then allowed 
to interact with methylamine, whereby methylaminoacetyl- 
catechol (XXXIX.) is produced. Tbis substance when reduced 
is converted into sjmthetical suprarenine, XXXVL This base, 
which is sold in the form of an aqueotis solution of its hydro- 
chloride with sodium chloride, can be obtamed much more 
cheaply than the naturally occurring substance. It is, moreover, 
stable in these circumstances, whereas the natural product 
undei:goes decomposition fairly rapidly. It may be pointed out 
in passing that this very active drug has received at least three 
different names— viz. adnnaime, ep^tuphrme^ and supmrmme. 

Iodoform Substitutes 

Space does not admit of more than a brief reference to the 
synthetical products advocated as substituents for the powerful 
antiseptic, iodoform, CHIj. 

Isofomi (Meister, Lucius & BrDning) is para-iodoxyanisole, 
CH3O . CcHi . 10., a substance which is applied either as a 
dusting powder or in the form of paste ; it is prepared from 
para-anisidine, CH3O . C0H4. NH2, by converting this base suc- 
cessively into Its diazo-salt and then into para-iodoanisole, 
CHjO . C0H4I. This product is treated with chlorine, the di- 
chloridc hydrolysed into the para-iodosoanisole, CH3O . CoHi . lO, 
and thi n the last compound heated in steam, whereby equivalent 
propoi lions of para-iodoanisole and para-iodoxyanisole are 
obtained. 

Aristol ib an iodo-thj-mol, whereas curophen is isobutyl ortho- 
cresol iodide; both of these are recommended by the Bayer 
Company as iodoform substitutes. 

Uric Aao Solvents 

The treatment of gouty disorders with lithium salts has been 
almost superseded by the application of various synthetical 
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bases, many of comparatively simple structure, which ezerdse 
a marked solvent action on uric acid. 
Piperammt or diethylenediamine (XI*) : 

yCHf • CH|V 
NH< >NH 

XL. XLI. 

is prepared by the interaction of ammonia and ethylene 

dibromidc ; it is administered both in the free state and also 
in the form of its salts, such as the phosphate or tartrate. The 
internal applicntinn of piperazine is followed by an increased 
elimination of urates from the system, and it is accordingly 
indicated in cases of chronic gout Dimethylpiperazine, XLII. 

yCH,. CH<CH^ / NH . CH; 

NH< >NH CH,.C< r 

NcH,. CH(CHiK * M CH, 

XLII. XLIH. 

(as the bitartrate, lycctol), has also been employed in this 
connection, and so also has lysidine, ethylene-ethenyldiainnie 
(XLill.j, a base isomeric with piperazine, which in the form 
of its bitartrate is stated by Meistcr, Lucius & Briining to 
dissolve eight times more uric acid than piperazine. 

Hexamethylenetetramine (XLI.), the base produced by the 
interactioii of formaldehyde and ammonia employed in the 
form of its salt with anhydromethylenedtric acid 



ru%/0 - \r /CH, . CO,H 
\C0'A \CH, . CO,H 



and even the sodium salt of this methylenecitric acid alone, 
have been employed in this connection, the former under the 
name of hdmitol^ the latter bring termed citarin. Hexamethy- 
lenetett amine itself has iound cmplnyment as a diuretic and 
solvent of uric acid concretions under the name of urotropine. 

Synthetical Drugs containing Metallic or Metalloidal 

Elements 

There is a growing tendency to employ in therapeutics the 
organic derivatives of the metals and metalloids in preference 
to their inorganic compounds, as it not infrequently happens 
that in this way the element is more readily tolerated, and 
consequently can be admnnstered with safety in larger doses. 
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For this reason mercury, copper, and silver salts of the 
organic acids are frequently employed both internally and 
externally. Asteroi, a double salt composed of mercuric 
phenolsulphonate and ammonium tartrate, is stable in water, 
and neither precipitates albumin nor attacks metallic surgical 
instruments. Metallic salts of the organic acids are recom- 
mended as antiseptics. Alumnol is an aluminium /3-naphthol- 
disulphonatc put forward t)\- Meister, Lucius & BrQning. 
Nizin, a zinc salt of sulphanilic acid (NH,, . QH^. SO.i)2Zn.7HiO, 
is recommended by Messrs. Burroughs, Wellcome 8c Co. as a 
non-irritating, non-toxic antiseptic, which c\cn in strong 
solutions does not coagulate albumin. 

Copper cinnainate icuprocitral) has been used in the form 
of an ointm^t in ophthalmic work. Strontium cinnamate 
has been tried in connection with the treatment of tuber- 
culosis already mentioned. 

Bismuth salicylate and bismuth cerous salicylate have been 
employed in intestinal troubles, whilst bismuth subgallate 
finds employment as a non-irritant antiseptic dusting powder, 
under the name of dermattd. 

Arsenic furnishes a good example of an element which 
is much more readily tolerated in the form of an organic 
salt For this purpose sodium dimethylarsinate 

(CHJjAsO.ONa, 3H,0 

was formerly advocated, as it is less poisonous than Fowler's 
solution (potassium arscnite). The use of this substance is, 
however, attended with one disadvantage — namely, the pro- 
duction in the system of malodorous cacodyl derivatives. A 
much more satisfartnrv vehicle for the therapeutic tnpplication 
of arsenic has been found in the substance known connm rcially 
as aioxyl, and which is prepared in a crystallised lorm by 
Messrs. Poulenc Fr^res and also by Messrs. Burroughs, 
Wellcome & Co. This compound was originally obtained by 
Bechamp in 1863 heating aniline arsenate at 190-200' C, 
whereby a substance was formed which he considered was 
an anilide of arsenic acid, CAL, . NHAsO(OH);. On neu- 
tralising this substance witli sodium hydroxide a soluble 
crystallisable salt was obtained which was supposed by 
Bechamp, and more recently by Fourneau (1907), to have the 
constitution CeH^ . NH . AsO(OH) . ONa, together with some 
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water of crystallisation. The properties of the salt do not, 
however, correspond satisfactorily with this formula, and sin re 
the compound has come into use as a drug its constitution 
has been revised by Ehrlich & Bertheim. Their results, 
published in the Berichte der deutschen cltcmischcn Geseiischaft 
for July 20th, 1907, show that in reality the substance is a 
salt of para-am inophenylarsinic acid having the foUowing 
graphical formula — 



and the commercial product generally contains four molecules 
of water of crystaUisation. By analogy with sulphanilic add, 
NHa . CcHf . SOi . OHt the free acid has been called arsanilic 
acid, NHt • C«H« . AsO(OH)i» and accordingly atoxyl may be 
termed sodium arsanilate, NH.. C«H«. A80(OH)ONa, 4HA 
In this substance, the arsenic is very tenaciously held by tfie 
organic radicle, and is split off only under the influence of 
lused potash or by the action of hot hydriodic acid. The 
strength of the connection between the arsenic and phenyl 
is probably correlated in some way with the therapeutic 
action of the salt, for it has been found that atoxyl is forty 
times less poisonous than Fowler's solution. The salt may 
be applied either internally or externally ; it has been indi- 
cated in several maladies, among others in tuberculosis and 
various skin troubles. Of special interest at the present 
time are the promising results which have attended the use 
of atoxvl in cases of sleeping sickness. Although it is as 
yet too soon to claim vcny specific action for the drug in 
this or other diseases, yet it is already evident that in this 
organic arsenic derivative we have a valuable therapeutic 
agent. 

Although this review of the modern synthetical drugs is 
unavoidably brief and incomplete, it is hoped that it will 
serve to Lhruw some Hght on ihc ciiLinical nature of these 
substances many of which are at present in everyday use. 
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THE ELECTROLYTIC REDUCTION OF 
ORGANIC SUBSTANCES 

By PERCY A. HOUSEMAN, PB.D. (WOiz.), AJ.a 

Organic substances capable of electrolytic reduction may be 
divided into two classes: (i) easily reducible substances, i.e. 
those which are reduced at any cathode ; (2) difficultly reducible 
substances — those which are reduced only at cathodes possess- 
ing a particularly high " super-tension," limited practically to 
cathodes of lead and mercury. These two classes will be con- 
sidered separately. 

The method, briefly outlined, consists in allowing the hydro- 
n evolved from the cathode to act upon the organic substance, 
which is dissolved in a suitable solvent — usually sulphuric acid 
or aqueous or alcoholic alkali The substance does not need to 
be an electrol3rte, for the action is a purely diemical reduction 
by the hydrogen liberated at the cathode. Different chemical 
agents often lead a reduction in different directions, or arrest 
the same at different phases ; and in the electrolytic process this 
finds a parallel in the regulation of the course of the reduction 
by variations in the cathode material— current strength, and, in 
the case of easily reducible substances, more particularly by the 
potential,^ which regulates the pressure under which the ions 
are discharged from the solution, ue, the energy with which the 
liberated hydrogen is capable of reacting. A higher potential 
corresponds in action to the use of a stronger chemical reducing 
agent 

In a similar way, choice of the size of the electrodes gives 

the power of regulating the concentration of the discharged 
ions, i.e. the number of ions liberated per unit of cathode 
surface, this factor also influencing the course of electrolytic 

redurtions. 

The earlier work was done on easily reducible substances by 

* Haber, ZdUehr.f, EUOtOf. 4 (1898), 506 ; ZiOsekr./* fl^. CUtrn, 32 <I9QqX 
193. 
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Gattennann, Elbs, Haber» Hftussennanii, Lob^ and others. All 
these investigators paid special attention to the electro-reduction 
of the nitro- (NQg) group in aromatic compounds— in portiGular 
nitrobenzene — ^both as a preparative method and also from a 
purely physical standpoint. 

The first experiments on electro-reduction (as well as electro- 
oxidation) of organic substances were made between 187S and 
1886 by Goppelsroeder,^ who worked on the production and 
bleaching of dyestuffs by means of electrolytically produced 
hydrogen and oxygen. From aniline sulphate by electro- 
oxidation Goppelsroeder obtained aniline-black, while potas- 
sium thiocyanate on electrolytic reduction yielded the dye 
canarin. 

More import;) III, both practically and theoretically, was the 
work of Gattcrmann on the electro-reduction of nitrobenzene 
and its derivatives. The chemical reduction of this substance 
yields, according to the reducing agent employed, azoxybenzene, 
azobenzene, hydrazobenzene, aniline, and benzidine. All of 
these products may also be obtained with the help of the 
electric current, variations in the conditions of electrolysis 
corresponding, as noted above, to the use of different chemical 
reducing agents.^ 

Gattermann,' however, and independently Clement and 
Noyes,^ succeeded in obtaining an electro-reduction product 
of nitrobenzene, which all diemical agents had failed to yield, 
viz. para-amido-phenol. As an intermediate product phenyl- 
hydrozylamine is formed, subsequently undergoing transfor- 
mation to amido-phenol, tiius: 

NO, NHOH NH, 

0-0-0 

H H OH 

Nilrobenzene. Phenyi-hydroxyiamme. AmidophenoL 

Corresponding amidophenols were obtained under similar 
conditions from other aromatic nitro-compounds, such as nitro- 
toluenet dinitrobenzenes, etc. When nitrobenzene is reduced 

* Oesterreich's Wolien und Leinen Industrie^ Reichenberg, 1885, 

* S«e cdieme on p. S93* 

* At. dtr. dati. dUm, GaeU. 36 >^ 
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ill alcoholic alkaline solution, the chief products are the azo- and 
azoxy-compounds, while in acid solution the reduction is carried 
further, and the hydrazo- and amino-compounds are chiefly 
formed. This difference in the phase to which nitrobenzene is 
reduced in alkaline and acid solution, Lob ascribes, in the case 
of an alkaline solution, to the liberated sodium causing the 
reduction rather than the nascent hydrogen.^ 

Hflussennann' was the first to obtain benzidine^ 

as an electro-reduction product of nitrobenzene, L6b* subse- 
quently obtaining benzidine in excellent yield by reducing 
first to the azo-phase in alkaline solution, and completing the 
reduction in dilute sulphuric add solution. Lob also reduced 
many derivatives of nitrobenz^e, such as the nitrobenzoic 
acids. 

The first attempt to follow these electro-reduction processes 
quantitatively was made by Elbs,* who showed that the 
redttcibility of nitro-compounds diminished as the number of 
nitro groups is increased The quantitative investigation of 
these processes was, however, much more fully worked out 
by Tafel for di£Sculdy reducible substances, and is described 
later. 

Lob' called attention to the effect of different kinds of 
cathodes on the reduction of nitrobenzene, a factor which is of 
primary importance with dii!icultly reducible substances. Thus 
tin and copper electrodes yielded more aniline, nickel more 
azoxybenzene. Elbs* also showed that under otherwise equal 
conditions, nitrobenzene was more quickly reduced at a lead 
cathode yielding more aniline, than at a platinum cathode, at 
which more amidophenol was produced. 

The fo]1o\ving scheme shows at a glance the different reduc- 
tion products which nitrobenzene has yirldcd. the reduction of 
this substance^ and of its derivatives, by means of the electric 

* Lob, Zeitschr. /. EUctroi. 2 C1896X 529. 

* Cktm.'Z^. 17 (129). 

* Zeitschr./. pkys. Chem. 34 (1900), 64X ; ZdUdtr,f* Ei§eine* 7 (1900), 3aa 

* Journ.f.prak. Chem. 43 (189 1 X 39. 

» Zeitschr. /. Electroc. 4, 430 ; Ldb and Moore, Ztf*^. / phys. Chem, 47 
(1904), 418. 

* ZHisekr.f, SkOroe* 3, 47s. 
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current, having been of considerable theoretical and practical 
importance. 



AMngrbciuene 
C|H» — N ~ N — CgHf 

Azobenzene 
C.H.-N-N-C,H. 

Hydrazobenzene 
C.H.-NH-NH-C,H, 

Benzidine 



Nitrobensene 

Nitroso-benzene 
C,H.-NO 

\ 

Fhenyl-hydroxylamine 
C,H*-NH-OH 



Aniline 



Amidophenol 



We turn now to the second class — ^the electrolytic reduction 
of difficultly reducible substances. This subject is a more recent 

one. The first such reduction was carried out by Tafel* on 
strychnine in 1898, to be followed in rapid succession by a lai^ 
number of other compounds, so that the method has become one 
of great importance not only as a preparative method, but also 

in view of the many physico-chemical problems involved. 

The advantages of the electro-reduction of organic substances 
— more particularly of difficultly reducible substances — ^will be 

considered brirfl\' at the conclusion of the article. 

A short description of the method and apparatus employed 
by Tafel for the quantitative investigation of these reductions 
must now be given. ^ ExpennKnts must be made on a small 
scale to see firstly if the substance is capable of being eleclro- 
lytically reduced at all, and secondly to determine the influence 
on the time required for the reduction of variations of current 
concentration,^ current density/ etc. The time required is an 
important factor, as many of the products obtained are easily 
decomposable. Such preliminary experiments are made in the 
closed apparatus shown in fig. i. 

The lead beaker (a) serves as anode. The porous cell (b) 
separates anode chamber from cathode chamber. The cathode 

^ Annalen, 301 (1898), 285. 

' Ber. d. deut. chem, CeuU, 33 (1900), 2209 ; Zeitschr, /. phys. Chem. 34 
(1900), 187. 

* Current concentxmtioil cttttent per litre of Cftdkode liquid. 

« Cunciit density ^ omtat per squaie oentimetie of cathode snxfiioe; 
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chamber is closed by a well-fitting trebly bored rubber stopper, 
the centre hole of which carries the solid lead cathode (c), while 
the other holes are fitted with r thermometer (t) and a tube (d) 
for leading off the evolved hydrogen. 

Connected in the same circuit is a second exactly similar 
apparatus, which contains sulphuric acid only, and no organic 
substance. 

The evolved hydrogen from each cell is collected from time 
to time in a specially constructed pneumatic trough during a 



period of one minute. The difference in the two volumes (v-A) 
shows how much hydrogen has been used up by the process 
of reduction, and is a direct measure of the course of the 

reduction at that moment. 

If this difference (v-k) is graphically plotted against timet 
a curve of the velocity of reaction is obtained. Fig. 2 shows a 
typical curve taken in this case for caffeine. It will be seen that 
the volume of hydrogen used diminishes regularly with the 
amount of unreduced substance remaining in the solution. One 
great advantage which such curves possess is that the area 
enclosed by the curve and the axes OA OB is a measure of 
the total hydrogen used for the reduction. A comparison 




I 



Fig. I. 
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between the total hydrogen used and that theoretically required 
by an equation gives valuable assistance in following the course 
of the reduction and in knowing what products may be expected. 
Thus, firom the curve in fig. z the enclosed area when measured 
up represents a volume of 2,350 cc while the equation 
C.H»0,N4 + 4H = CsHuON, + H,0 
Caffeine Desoxycaffeine 
requires (for ro grams of caffeine) 2^30300. hydrogfen— the differ- 
ence between the observed and calculated amouiitb bemg well 
within the limits of experimental error. 

It has already been mentioned that the cathode material affects 
the reduction of aromatic nitro-compounds. With difficultly 




Flo. 9, 



reducible substances, such as caffeine and uric acid, a reduction 
at any other cathode than mercury or lead is seldom possible. 

The cause of this important fact is that the hydrogen from 
a lead cathode is evolved at a higher potential, and therefore 
possesses greater energy than the hydrogen evolved, say from 
a platinum cathode. This is intimately connected with tbe 
high " super-tension " of lead. Caspari ' showed that the tension 
at various catiiodes at which gaseous hydrogen visibly escapes 
differs widely. For lead and mercury this tension is higfaest-^or 
platinum lowest The excess of potential over that of a reversibly 
working hydrogen-ozygen-sulphuric acid element Caspari called 
the super-tension " of the metal ui questioa The following are 
the values for the " 8upei>ten8ion *' of a few metals : 
Mercury 078 volt Lead 0*64. Copper 0*23. 
Silver 0*15. Gold om Platinum 0*005. 

* Caspari, Zdfstkr,/* >i|v. Gmm, 30 (1899X 89. 
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It is this property of rendering difficult the escape of the 
hydrogen, which lead and mercury possess in such high degree, 
that allows the reduction of these difficultly reducible organic 
substances to be accomplished— while at all other cathodes they 
remain unaffected. 

Quantitative experiments such as those already described 
show that the time required for the reduction is least by using 
a small current densUy a large cathode) and as high a current 
sirfingffi as is compatible with holding the temperature within 
the necessary limits. When working on a larger scale, cooling 
(by means of hollow electrodes) is usually necessary. 

One of the most interesting phenomena connected with this 
subject, and one which is also intimately correlated with 
"super-tension," is the poisonous in finance of traces of foreign 
metals in the cathode chamber. Tafel^ has shown that "004 
milligram of platinum per ten square centimetres of cathode 
surface is sufficient to bring the reduction to a standstill imme- 
diately. The other enemies of electro-reduction arranged in 
order are, after platinum, silver, tin, copper, mercury, zinc, 
and iron; though none approach platinum in its efficacy in 
causint^ the " spontaneous depression " of the reduction. 

The most obvious explanation of this action is that the 
platinum is electrolytically precipitated on the surface of the 
cathode, and that then one is dealing virtually with a platinum 
cathode, which, as has been already shown, by reason of its low 
super-tenaion, i.e. the ease with which it allows the hydrogen to 
escape as gas, does not permit of the reduction being accom- 
plished. Tafel's* extensive researches on this problem show 
that, not only is the amount of platinum present far too minute 
to form even the thinnest possible skin on the sur face of the 
cathode, but also the action is different on diffeitnl cathodes, 
and further, gold, which has almost as low a super-tension as 
platinum, should have quantitatively almost as great a disturbing 
effect, whereas gold is not nearly so poisonous to a lead cathode 
as platinum. 

The conclusion is drawn that the platinum must exercise 
a catalytic influence on the suriace of the cathode matenaL 
The disturbing action of minute traces of platinum and other 
metals has been one of the great difficulties in the application of 

* Zeitschr, f. phys, Chem. 54 (1900X 187-228. 
' Taftl and EauMrt^ Iktd, 53 (1905), 349' 
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Tafel's electro-reduction process as a preparative method, though 
the physical researches to which he was thereby forced have 
revealed much that is theoretically of considerable importance. 

The electric current has been most prolific in the preparation 
of products which cannot be obtained by other reducing agents. 
A few of these may be mentioned as typical examples : 
Strychnine/ the first of these substances to be submitted to 
electrolytic reduction, yielded strychnidine and tetrahydro- 
strychnine, both these substances possessing in a less degree 
the same physiological action as strychnine. 

//y^ 

C.HaO #^iCO C„H|,0 ^CH, C^H„0 ^^CH.OH 

\» K ^ NH 

Strydmtne. StKychnidine. Tetn^bydio-itrycfaBiDe 

As an example from the ureides, barbituric add* may be 
dted, this substance yielding on reduction a mixture of hydro- 
uradl and trimethylene-urea. 

NH-CO NH-CHt NH-CH, 

I • I i ' I i 
CO CH, CO CH, CO CH, 

II II 11 
NH-CO NH-CO NH-CH, 

Barbituric acid Hydro-uracil Trimethylene urea 

The behaviour of di-ethyl-barbituric acid,* which is now 

being used somewhat extefisively as a soporific under the name 
of Veronal, is very remarkable. Instead of beini:; reduced in 
a manner analogous to barbituric add, the hydrogen attacks 
the urea residue thus: — 

NH^-CO NH CO 

CO i(CiL), in, icwb 

NH CO NH CO 

Up to the present this is the only observed instance in which 
the carbonyl (CO) group of the urea chain has been electro- 
lytically reduced. 

Of particular interest are the electro-reduction products 
of uric acid/ inasmuch as this physiologically important body 
has not been directly reduced by any other means, if one leaves 
out of account the breaking down of the molecule by hydriodic 

' Antnlm, 301 2S5. 

* Sir, d. deuL cktm, GtttlL 33 (1900), 3383. 

* Tafe! and Thompson, Bit, d. dtui. eim, Gmtt, 40 (1907X m piest. 
« Ibid. 34 (1901), 358. 
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acid. Three substances are obtained by the electrolytic reduction 
of uric arid — r>i!rnn, isopuron, and tetra-h3'dro-uric acid. The 
manner iti w liich the hydrogen is added on is seen clearly from 
the following formulae. 



It will be noticed that puron and isopuron are isomeric, i.e.they 
possess the same empirical formula, CsH«0|N«. The former is 
transformed to the latter by treatment with caustic alkali. 

The methyl derivatives of uric acid ' also yield a series of 
corresponding methyl derivatives of puron and isopuron. In 
no case, however, is a substaifce corresponding to tetra-hydro- 
uric acid produced. 

The slightly higher super-tension of mercur}'' than lead is 
the cause of some substances being reduced better with a 
cathode of the former metal than with one of the latter.' 
Examples are acetone and caffeine. In the case of camphor 
no reduction whatever takes place at a lead cathode, while, with 
a mercury cathode, borneol is obtained in good yield. 

It is to be expected that the electric current will come more 
and more into use as a preparative niLthod for the reduction 
of organic substances. By varying the potential one can, as 
Nemst expresses it, produce pressures whose amount varies 
between very small fractions of an atmosphere, and many 
million atmospheres; and this is the reason why the electric 
current accomplishes the reduction of some substances, such 
as uric acid, which remain entirely unaffected by the ordinary 
chemical reducing agents. 

The successful clearing away of the many preliminary 
difficulties leaves the method a well-understood and compara- 
tively simple one, besides which, electro-reduction possesses 
the further advantage of the absence of other reagents, which 
usually entail a more or less troublesome process of elimination 
in the course of reduction by the usual chemical agents. 

1 Tafel and Houseman, Btr, d. dnO. €ktm. CuM* 40 <I907X 3743 (in pieM}. 

Hou'^cman, Dissertation, Wiirzburg, 190^. 
' /.Vr. ,/ ,/*,y/ c/iem. Gcsell. 34 (1901), 279. 
• Taiel and bchmitz, ZeUschr.f. EUctroc. 8 (1902), 280. 




I I >C0 I 
NH-C-NH ^ 

Uric acid 




NH-CH 



ISOpUTOT ' 



NH-CO 

Tetra-hydro-uric acid 
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DIFFUSION AND ENTROPY OF GASES 

Bt & H. BORBURY, F.R.S. 

I. This subject has been treated by Lord Rayleigh in PM. Mn^. 
January— June 1875, under the title ''On the Work that may 
be gained by the Mixture of Gases " pp. 311, 318, and by Pro£ 
Bryan in his recent work on Thtrmodynamks (Leipzig: Teubner). 
Each writer's work presents some difficulties, which I propose 
to consider in the present paper. Rayleigh's argument is based 
on the fact that hydrogen escapes through fine apertures more 
rapidly than air, even at greater pressure, enters to supply its 
place. His conclusion is that ''the work that maybe done in 
the mixing of volumes Vi and V| of two different gases is the 
same as would be gained in the expansion into vacuum of the 
first gas firom volume v, to Vi + v» together with that which 
would be gained by the expansion into vacuum of the second 
gas from volume v, to Vi + Vj." It is understood that the gases 
follow the law of independent pressures, each behaving as a 
vacuum to the other. The law is thus stated with complete 
generality, and without qualification as to the nature of the con- 
taining materials or otherwise. Bryan states the law in 
substantially the same form at p. 125 of his work. 1 therefore 
call it the Rayleigh-Bryan law. 

2. The thing to be proved, as I understand it, is this: that two 
physically different gases, if separated, can be made to do 
mechanical work, at the expense, of course, of their heat, in 
mixing \ on the other hand, if they mix by dilTuhiuii, no work is 
done. Therefore by allowing them to mix by diffusion, we lose 
the opportunity of converting heat into work, ie. we lose the 
"available energy" which they had by virtue of their sepa- 
ration. 

3. Before discussing ihc ai gunients in detail, it will be well to 
calculate the work that can be done in case of two gases, one of 
which is hydrogen, in a cylinder of volume 2V, separated, as 
Rayleigh suggests, by a piston porous to the hydrogen, but 
hypothetically impermeable to the other gas, say oxygen. They 
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are supposed to be both at the same pressure, p, and the same 
temperature, and each initially occupying volume v. Also the 
temperature is maintained constant notwithstanding the conver- 
sion of heat into work during expansion of cither gas. The 
piston being fixed, hydrogen escapes through it, until it is of the 
same density throughout the cylinder^ oxygen behaving as a 

vacuum to it This being done, the pressure is ^ on the oxygen 

side, and-^ on the hydrogen side. The piston being now set 

free, the oxygen expands, and if its expansion takes place very 
slowly, the hydrogen, as it can pass through, will be throughout 
the process at the same pressure on either side of the piston. 
The work done by expansion of the oxygen is then the same as 
if the hydrogen were absent, and b 



It is therefore exactly half the work required by the Rayletgh- 
Biyan law. At the end of the process the two gases are 
uniformly mixed throughout the volume 3V of the cylinder. No 
further work can be obtained from the system while it is in that . 
state. If the piston, instead of being impermeable to oxygen, 
were permeable by it, only in less degree than by hydrogen, the 
work obtained would be less^hat is, less than half the work 
required by the law. 

4- We must now consider Rayleigb's arguments. They 
seem designed to show that the separation of mixed gases 
generally involves the expenditure of work, and that this 
work ma}'' be regained in their mixture. In his first example 
a mixture of steam and hydrogen under a piston in a cylinder 
of volume V is compressed, the temperature being main- 
tained constant, until at vohime v,, the saturation point of 
the steam is reached, and it begins to liquefy, and is all liquefied 
at volume Vo. I understand Rayleigh to say that at this 
point all the hydrogen exists as gas between the water and 
the piston, none being held in solution by the w^ater. The water 
is then put in a separate vessel, and is evaporated and expanded 
to its original volume and temperature. The hydrogen also 
expands to its original volume and temperature. The work 
gained in expansion is, he says, equal to that spent in compresi- 
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sion, so that in the complete cycle, the whole system being 
restored to its original state but for the separation of the 
gases, no work on the whole is done. Does this result support 
Rayleigh's doctrine? It is true work is spent during the 
separation, and gained during the subsequent expansion — that is, 
the gases when separated have available energy. But this is 
not because they are scjjarated, but because they are com- 
pressed, and they would have precisely the same available 
energy if they were not separated at all, but expanded as a 
mixture to their oi igmal state. 

5. In his second example Rayleigh shows how the separation 
of two gases may in a certain case, and doubtless in other cases* 
be effected by chemical means. 

6. In the third argument (p. 3 1 3, etc.), Rayleigh considers the 
case in which two gases, a heavier and a lighter, say oxygen 
and hydrogen, are partially separated by the action of gravity 
in a vertical tube. Suppose them to have arrived at a state of 
equilibrium, and the partial pressures at the base of the tube 
are the same as those of the same two gases mixed in a 
reservoir, so that if the tube communicates with the reservoir 
at its base no oxygen or hydrogen escapes from or to the 
reservoir. Rayleigh proves that if the mixture of gases in 
each element of the tube be separately compressed to the total 
pressure at the base, and is then brought down to the level of 
the base, the work spent in the compression exceeds in the case 
of two gases that gained from gravity in the descent. Were 
only one gas present, it would be equal to the work gained. 

7. In order to make the c^'cle complete, except that at the 
end the gases are partially separated, at the beginning uniformly 
mixed, I will work out the problem independently. As will be 
seen, I shall obtain Rayleigh's result above stated. I consider 
two cases : 

Case /.—A single gas is at uniform pressure and temperature 
in a horizontal tube ACB of length S. C is the middle point, 
and initially the centre of gravity of the gases. I avail myself 
of the permission given by Rayleigh (p. 318, line 3) to divide the 
tube into elements of length, and to insert between each pair 
of successive elements a piston, fixed or movable, to prevent 
passage of molecules from one element to another, also per- 
mission to remove such pistons. Then — 

Process (i). Fix the pistons and turn the tube about the end 
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A into the vertical position. In thai we spend work MgAC, if 
M be the mass of the gas. We need not take into account the 
mass of tlic tube. 

Process (2). Set the pistons free, then compression ensues 
towards the base. The centre of gravity falb to C,. We gain 
work from gravity MgCjC, which is all spent in the compression. 

Process (3). Again fix the pistons, and turn the tabe about 
A into the horizontal position. In that we gain work MgAQ. 

Process (4). Let the gas expand till it reaches its initial 
uniform density. In that we gain work by the expansion equal 
to the work spent in compression, that is MgCiC 

In all we have spent work MgAC in (i) and gained work 
MgACi in (3) and MgQC in (4)--^at is, we have spent zero 
work. 

8. Case //.—Instead of a single gas, let there be in the hori* 

zontal tube equal numbers of molecules of oxygen and hydrogen 
uniformly mixed, then insert and fix the pistons, and perform 
Process (i) as before. In that we spend work MgAC as before, 
M being the combined mass of the gases. 

Process (2). Set the pistons free, and compression takes 
place as before. The c g falls to C, and the work of com- 
pression, which is done by gravity, is MgCC. 

Before Process (3) we must now interpolate a new process 
(2a) — namely, remove the pistons, so that diffusion takes place. 
The gases assume a new position of equilibrium, in which each 
behaves as a vacuum to the other. 

If R, denote the density per unit of volume for oxygen at the 
base, ri its density at height s, and if R„ r. be the corresponding 
densities of hydrogen, r^ = RiC""^'*", and rj = R,e-"^'«", m, 
being the mass uf a molecule of oxygen, m, that of hydrnn, a 
— that is, oxygen partially replaces hydrogen in the lower, 
hydrogen replaces oxygen in the upper strata. The centre of 
gravity falls to C". Before considering what becomes of the 
work thus gainetl MgC C , IcL us perform Processes (3) and (4). 
Fix the pistons, Process (3), and turn the tube about A into the 
horizontal position. In that we gain work MgAC". 

Up to this point we have spent work MgAC, and gained 
MgAC. 

Then Process (4), set free the pistons, and iet the gases 
expand without diffiision till they attain uniform pressure, but 
not uniform mixture, throughout the tube. The work gained in 
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that expansion is equal to the work spent by gravity in the 
compression. If, then, the work gained from gravity in Process 
2A, namely MgC^C, is all spent in compression, there is in the 
complete cycle zero work spent 

Bat if, as I think is the case, part only of the work MgCX' 
is spent in compression, and part converted into heat, m. 
dissipated (see Raleigh's remarks, pp. 317-8), we have In the 
whole spent work equivalent to the dissipated energy. 

9. Is not the theory this ? If we had suitable machinery to 
act on individual molecules, e^. if we could employ Maxwell's 
demons for the purpose^ we might effect the separation of the 
oxygen and hydrogen molecules mixed in the horizontal tube 
without doing any work, no work being essential to the process, 
unless molecules of the same gas appreciably attract or repel 
each other, which is understood not to be the case. As we have 
no such machinery, and cnnnot employ the demons, we have to 
effect the separation by mdirect processes, as in the example 
given. And these indirect processes generally involve dissi- 
pation. Work is spent in the separation of the gases, but 
the energy is in no sense available. Energy dissipated is 
unavailable. 

Professor Bryan*s Argument 

10. I come now to Prof. Bryan's argument, which is mamly 
theoretical. 1 will give his proof of the law (fur there is a 
logical prooO as I understand it. I begin with his definition of 
" entropy," the second of p. 58. 

(a) If the unavailable energy of any system receives any 
positive or negative increase BQ, the entropy is increased by 

^ T, being the lowest available temperature. I think we may 

say, at least by way of example, without affectuig the generality 
of this definition, that BQ is the heat which passes into the 
refrigerator in the lower isothermal of a Camot cyde in which 
the system is the working substance. 

(b) This being the definition of entropy, it follows that if the 
entropy increases, the unavailable energy increases. There- 
fore, since energy is either available or unavailable, if while the 
entropy increases no energy enters or leaves the system from or 
to external bodies, the available energy diminishes. 

ic) The entropy of a system is a function of the physical 
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state of the system, and cannot change while that state remains 
unchanged. Therefore, if the system be a gas, at all events if a 
perfect gas, it may be expressed as a function of the tem- 
perature and volume — and, it may be, also a function of the 
number, n, of molecules in the given volume, say generally it is 
f (n. T, V). 

(d) But, if the gas be the working substance in a Carnot 
cycle, the heat drawn from the reservoir in an isothermal 
expansion from volume v tn volume v 4- 5v is proportional to 
the pressure, that is, for given v, proportional to n. Therefore, 
also, the heat BQ, which passes into the refriq-erator in the same 
cycle, is proportional to n Therefore, if Sb be the entropy of a 
single gas containing n molecules in volume v, Stc the entropy 

for the same gas containing n' molecules in volume v, 

oon' n 

And since and cannot diifer by a constant, =^/* 

is,lf";l['^^=" for aU values of n and n'. This requires 

' f (n , 1 , v) n ^ 

that f (n, T, v) = (T, v), w here ^ ( T, v) denotes some function 
of T and V. Therefore f (n + n', T, v) = (n + nO <^ (T, v) 
, = n<^ (T, v) + n> (T, v), or the entropy of a single gas, in 
volume v, is the sum of the entropies of all the parts into which 
it may be conceived as divided, provided that each part is free 
to move throughout the whole of v, and is not confined by 
partition to a part of v. (N.B.— This is my own aipiment, and 
not Bryan's. It would not necessarily apply to two different 
gases, because the physical state of each might be affected by 
the presence of the other.) Biyan, however, proves the same 
thing for two gases as follows : 

ie) The entropy of a gas occupying volume v is the same 
whether it has that volume all to itself, or shares it with another 
gas at the same temperature and pressure. In other words 
each gas is in respect of its entropy a vacuum to the other. 
Queryt is there any limit to this law as the density increases ? 

A proof of this is given at p. 124 by the following method, 
which I understand to be founded on experiment. Given a 
mixture of two gases in cylinder of volume 2V, each having the 
same partial pressure Ap, and the mixture having combined 
pressure p, the mixture is cooled until the gases liquefy, one 
before the other. The liquids are put in separate vessels, 
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and evaporated, and heated until each orcupirs volume 2v, and 
is at the original temperature of the mixture It is assumed 
(i) that the volumes of the liquids are negligible in comparison 
with their vapours ; (2) that the specific heats are constant ; 
(3) that the latent heat of evaporation of either component is 
unaffected by the presence or absence of the other. On these 
assumptions Bryan concludes that the process is reversible. 
Therefore entropy is the same at the end, when each gas has a 
volume 2v to itself, as at the beginning, when they had one 
volume 2v in common, cmteris paribus. 

(/) 1 he entropy of a gas in vuiume v increases, cccieris 
paribus, when v increases. Tins follows from the definition (a). 

For S denoting entropy, «S=^ ; therefore ^^-f ^1 and ^ 

is always positive by the Camot cycle. 

11. We may now compare two states of a system : state A, 
two gases occupy ing each a volume v, separated by a partitioni 
and each at pressure p» and temperature T ; state B» the same 
two gases mixed in volume 2v, cmkris paribus* Each gas has in 
state A entropy n^ (T, v), and by («) it has in state B entropy 
n^ (T, 2v), which by (/) is greater than n^ (T,v)— 4hat is, each has 
greater entropyi and tiierefore the system has greater entropy 
in B than in A. Therefore the system has less available energy in 
B than in A, or available energy is lost in the process of mixing, 
no energy passing in that process from or to external bodies. 

12. Evidently the amount of available energy that each gas 
loses in the process of mixing is measured by the entropy 
that it gains— that is, the difference of entropy between the gas 
occupying volume v, and the same gas caeteris paribus 
occupying volume 2V — that is, the available energy lost by the 
process is for each gas the available energy it would lose by 
expanding into vacuum from volume v to volume 2V, the 
temperature being constant. The Rayleigh-Br3^an law is thus 
formally and completely proved in the sense of Bryan's definition 
of available energy, whatever that may be. 

13. I note that Bryan's process of separating the gases 
(p. 124) involves no expenditure of work. If, therefore, the 
gases when separated have more available energy than when 
mixed, it is not because work has been spent in their sepai aUon 
which can be rt gained in their mixture, in which Bryan seems 
to differ from Rayieigh. 
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14. The argument (Bryan's) seems to prove too mudi, if I 
am right in {tt) above. For if so, the alignment applies equally 
to two portions of any single gas. Therefore, we could increase 
the available energy of a single gas by dividing it into two parts 
by a partition. Even if {d) be not accepted, does not the same 
thing follow from Bryan's proof {e) applied to two portions 
of the same gas? It is true that this process, although it 
separates two gases having different temperatures of lique- 
faction, cannot separate two portions of the same gas. But we 
may separate the two portions, and put them in separate vessels, 
immediately after or before liquefaction, and then evaporate 
them separately, tiU each attains its original temperature and 
original volume 2v. If the process is reversible for two gases, 
is it not equally reversible for two portions of the same gas 7 
If so, then two portions of the same gas, each at the same 
temperature and pressure, mixed in one volume 2v, have more 
entropy than they would have if they each occupied volume v, 
and were separated by a partition. 

15. Subject to the doubt raised in 14, the argument of arts. 
ID and II seems logically conclusive, that two separated gases 
lose available energy, whatever that may mean, when allowed 

^to mix by dittusion, and that the amount of available energy 
lost is that stated in the Rayleigh-Bryan law. 

16. Nevertheless, it does not necessarily follow that the 
available energy lost is the prai tical possibility of transform mi; 
heat into work. For the only definition of available energy 
which we have used in the argument is that it diminishes 
with increase of entrop3\ In fact, if the entropy is a function 
of T and v, and independent of any conditions, the available 
energy must be a function of T arid v, and independent of 
any coiitiitions. It does not, therefore, follow that because a 
system loses available energy in passing from state A to state 
B, therefore we can actually transform heat into work given 
the system in state A. It may be that in state A work is 
^ionHeaify^ but owing to the external conditions not pradicaUyt 
derivable from the system. In Bryan's definition of available 
energy (p. 43) "work theoretically derivable** must mean " work 
which under suiuble external conditions might be derived." If 
two separated gases (state A) are each at pressure p, and are 
surrounded by infinite air at pressure p and at the same tem- 
perature as the gases, no part of the heat of either gas can 

39 



Digitized by Google 



6o6 



SCIENCE PROGRESS 



be transformed into work wlnlc ihe whole s^'stem is whal it 
is. We then call upon the experimental philosopher to convert 
it into something that at present it is not, but without initially 
altering its entropy. This he can do by substituting for the 
partition separating the gases a piston porous to one, but not, 
or not in the same degree, porous to the other. We might 
say paradoxicaUy that, while Uie separated gases are separated, 
the available eneigy is not available ; but when by using the 
porous piston the separated gases are not separated, the avail- 
able eneigy, or some part of it, is available. A dinner is 
placed before Tantalus, and it is mathematically proved to 
him that it is an available dinner, but he is unable to eat 
or drink. 

17. There may be other transformations of the system which 
would admit of work being obtained. One other method has 
been suggested — ^namely, a liquid which absorbs one of the two 
gases, but not the other. By such a liquid we might perhaps 
reduce one of the two gases to lower pressure than the other, 
and so render the performance of work possible. But that 
method might be applied with equal success to two separated 
portions of a single gas. 

1 8. Bryan uses instead of the porous piston a membrane 
(p. 125). And he suggests the ideal case of two membranes, one 
of which is porous to gas (i), but wholly impermeable to gas (2), 
the other membrane vice versa. Hut should not this ideal 
combination of gases and membranes be required to prove its 
own existenci b< fore it is used to prove anything else ? If 
Bryan says it does exist, I accept his authority. 

19. Another line of argument to prove the Rayleigh-Brj^an 
law, not expressly relied upon by Bryan, is as follows : If any 
irreversible process takes place in the interior of a system, the 
unavailable energy of the system, and therefore the entropy, is 
increased. And the mixture by diftusion of two gases originally 
separated is stated by Br^-an to be an irreversible process. I 
admit the argument, if the diffusion is an irreversible process. 
But there is no proof that it is not a periodic process. 

2a It is, of course, a familiar experience liiat two separated 
gases, each at the same pressure and temperature, if the partition 
be removed, at once begin to mix^or, let us say, if they arc 
originally mixed in different proportions on the two sides of the 
partition, at once begin to assume a more uniform mixture. But 
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that phenomenon is as consistent with the motion being periodic 
as with its being asymptotic — i.e. irreversible. For if periodic, 
aiiy point in the path may be described in either of two direc- 
tions, typically the paths may be ABCA, or ACBA. By the 
way in which we make the experiment, we determine the 
direction to be that in which the initial motion is towards more 
uniform mixture, say ABCA, if B denotes the initial, and C a 
state of more uniform mixture than B. That is because initially 
the two gases are at rest relatively to one another. As an 
example, suppose a semicircular smooth tube in a vertical plane 
with its middle point as base, and in it a heavy particle. The 
particle, if free to move, and placed at rest at a point above the 
lowest, will begin by moving downwards. But it will oscillate 
about the lowest point, and wiU not move irreversibly to the 
lowest point The reason why it begins by moving downwards 
is because it starts from rest. For precisely the same reason the 
two gases, each at n-f relathely to the othert begin by moving 
towards the more unitbrm mixture. But there is no proof that 
the motion is irreversible. 

21. It is true no man has ever observed them to begin to 
separate. But to make this evidence of the irreversibility, it 
would be necessary to continue the experiment for a time at 
least equal to half the period, if the motion be periodic. And 
not only that, but also to completely protect the system from all 
disturbances from without during the whole time. Has this ever 
been done? And as regards external disturbances, can it be 
done? If practically it cannot be done, then it may be that in 
any expermient that can practically be performed, the motion 
will appear to be irreversible, because the external influences 
prevent it from being periodic. But then they also prevent 
the argument from being applicable. 

22. If the diameters of the molecules were so small that no 
collisions occurred, the motion must be periodic. Can it be 
proved that collisions convert it into an irreversible motion ? 

23. 1 think we unconsciously derive the idea of the motion 
being irreversible Irom Boltznuuuis II Theorem, which is 
supposed to prove that an irreversible motion of a gas is 
possible, and that, 1 think — although the weight of authority 
against me is immense — rests on " a misuse of the theory of 
probabilities.** 

We suppose that at an initial instant the co-ordinates and 
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velocities of the molecules are distributed at haphazard, subject 
to the conditions (i) that the total kinetic energy is a given 
constant T» and (2) that Boltzmann's iiinction H has a value 

grater than its minimum. And we then prove that ^ is, 

under those circumstances, much more likely to be negative 
than positi\ • That is true. But the initial values of the 
variables having been once assumed, their values after any 
time t are determinate functions of the initial values and of t. 
The law of probabilities has nothing further to say in the 
matter, but having fixed the initial values is functus offtcio. 

24. The error consists, as I maintain, after the manner that 
men call heresy, in assuming th<j law of probabilities to have 
( lUiiuiuUb ai tirn^, as though an independent haphazard dis- 
tiibuLion of the variables took place at every instant. It that 

were the case, it is true that ^ would be on an average native 

at every instant, and the motion could not be periodic. There 
are, in &ct, at the initial instant a great number, say n, of possible 
states of the system, and as many possible determinate courses 
for all subsequent time. By the way in which we make the 
initial distribution, each of these n states, with its determined 
course, is as likely to happen as any other. Further, as we 
are in complete ignorance of the sequence of events in any one 
of the n courses, it is true that, to our minds subjectively, 
each state of the system is at every instant as probable as 
any other. But this ignorance of ours would exist in &ct 
whether the motion be periodic or irreversible. We cannot 
therefore argue finom our ignorance of the courses that the 
motion is irreversible. For this reason 1 think the usually 
accepted proof is illogical. 

25. Further, the objection to the H Theorem, first made, 1 
believe, by Loschmidt, that if all the velocities were at any 
instant reversed, the system would retrace its course, is, to 
my mind, fatal to any theorem of irreversible motion in a 
gas whose molecules are such as the kinetic theory assumes, 
provided thnt the isolation of the system be complete. Of 
course, if a fresh hapliazard distribution took pl;icc at every 
instant, as the theory requires, the Loschmidt obitclion would 
fail altogether, for on reversal of the velocities the system 
would not retrace its cdurse. And any external disturbance, 
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coming at haphazard, independently of the existing State of 
the system, effects a new distribution pro tanto. 

26. I know it is said m defence of the theorem that the 
reversed motion, thougii possible, is highly improbable. But 
if the H theorem be true, Maxwell's law of distribution of the 
velocities must be assumed to prevail ultimately, or anyway 
cannot be denied by advocates of the theorem. From which 
it follows tliat any course and the reversed course are equally 
probable. To say that one of the two is the more probable 
because it leads to H diminishing would be a pctitio principii. 

27. If, as I think is the case, the complete protection of two 
difiiising gases from all external influences continuously for a 
very long time is impossible, the motion is, as I have said, for 
that reason irreversible, because the external disturbances are 
equivalent to a new haphazard distribution. But for that same 
reason the irreversibility does not necessarily involve increase 
of entropy, and the whole argument iidls to the ground. 

28. I have asserted generally that if the molecules of gases 
are what they are assumed to be in the kinetic theory, no 
irreversible motion is possible in an isolated system. Very 
probably it may be necessary to revise our conceptions of a 
molecule, and Prof. Bryan's work may well be conducive to 
that end. 
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By AUGUSTUS D. WALUER, M.D., F.R.S., LL.D. 

The debate that took place a few weeks ago through the 
columns of The Times^ between the scientist who finds his 
public too ignorant to understand him and the public who 
finds that the scientist talks a learned jargon that is a sign and 
symptom of his own imperfect knowledge, is one that should 
not fail to be heeded by any person making bold to say some- 
thing in the pages of Science Progress. For we are, ^1 of us, 
in rdation to each other^s work and thought, very public indeed ; 
the barrier of language is raised not only between scientist} and 
public, but between scientists and scientbts, and the public is 
hardly to be condemned as ignorant if the Instructors themselves 
remain immured from each other, as well as from '* the public,*' 
in their private apartments of thought and language. 

If it be true that nothing new in science is achieved other- 
wise than by "constantly thinking unto it/' it is equally true 
that " the greatest thing a human soul does in this world is to 
see something, and M what it saw in a plain way. 

I am perhaps rashly challenging an adverse verdict by pro- 
claiming at the outset a standard of excellence that I may hardly 
hope to reach— that I shall, however, attempt to reach — by 
telling in a plain way something that 1 have seen. 

Chloroform, the anaesthetic par excellence, that has conferred 
upon mankind the great boon of surgical anaesthesia, is known, 
or will one day be known, to the vast mnjority of us b}^ actual 
personal experience. That is a first reason to enlist our interest. 
It is one of tlie most efficient and certain poisons known ; its 
certainty and regularity of action are such that it is systemati- 
cally used for mercifully gettiny; rid of lost dogs, and an 
unknown but considerable nunilx r of persons annually lose 
their lives in consequence of chloioform administered for the 
purpose of producing surgical anaesthesia — ' .^kilfolly adminis- 
tered for a necessary surgical operation," to qu Dtc words fre- 
quently employed by coroners' juries. The number of officially 
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recorded deaths in England registered as due to anaesthetics 
during the ten-year periods was : 

1 866 to 1 8; 5 146 deaths. 
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FlOi I.^ — ^IKagntn of the nnnuni numh^r of (1eai>is registered in F.w|j^^^tM^ am| Wftlai 
as due to anaesthetics in the years 1865 — 1905. 

Now, this is a heavy price to pay for even the great boon 
of anaesthesia ; for it is an unnecessary pricfr-<a toll levied in 
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all good faith by reason of a neglect of the most elementary 
knowledge of the physical and physiological properties of 
chloroform.' 

I do not say that such neglect is universal, and that there 
are not exceptional adminbtrators of experience and natural 
skill such as to entitle them to be considered ''safe," but I do 
say that the general practice of the overwhebning majority of 
persons, whether medical or non-medical, who are necessarily 
called upon to administer chloroform, is dangerous, and must 
unavoidably kill a certain number of patients and endanger the 
lives of many more, and produce an incalculable amount of 
alarm and uncertainty in connection with anaesthesia. 

And I shall hope to show in the course of this article, so 
as to be understood by any educated person, medical or non- 
medical, that this heavy price is paid for lack of a tittle 

' I do not think it necessary to enter here into any detailed discussion of 
the value of these statistics. It has been urged in mitigatioo of the figures that 
(i) they indode many cases in which death has ocotired not fy, but only a/ier^ 
chlorafetm; ttidthat(2) we dioald take mto acooimt Ae giestly incxeased nmnber 
of operations perfonned under anaesthesia. 

I think that the fir r error is far ont weighed by the opposite error of attributing 
to other causes deaiiis that have in reality been due to the anaesthetic. A large 
proportion of cases of deaths undoubtedly due to chloroform are never published, 
or are attributed to other causes. How many it is impossible to say. Some years 
ago, when I went closely into the matter, I found in the case of one hospital, at 
which two cases Iiad been reported in the year, that nine cases had actually 
occurr^ The late Prof. Julliard, of Geneva, found that twenty cases of death by 
ddorofbfm had oocnned at Geneva, of wJaidtt three only were reported. And 
only last January a London coroner, in opening an inquest, stated that "this is 
the thirty-ninth case of the kind from — — HoQkital in the course cf six and a 
half years." 

In TAe BriUsh Jli§dUat /oitmai ^ January 2$ (p. ao2X a case of death daring 

ansesthesia is reported by an anaesthetist under the title *'A Fatal Case of 

Stitus Lymphaticus" ; and the previous pages of the same issue contain an 
elaborate argument by another anaesthetist to the effect that death during 
chloroform anaesthesia is so frequently associated with "status lymphaticus " 
that it may be naked whether death under chloroform ever occurs apart from 
that condition. 

Clearly the price of anaesthesia, as indicated in the returns of the Registrar- 
General, must be below rather than above the mark. With regard to the probable 
increased number of operations tinder amesthetics during the last half*oentury, no 

doubt it has had some influence on the increased number of deaths noted for the 
later than for the earlier years, but it can hardly account for the figures of the 
last two decades, in svhich, while the reported deaths hnrc more than douhlod — 
533 and 1,269 — ^^^^ number of operations can hardly have increased lu the ^ame 
proportion* 
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elementary science — not science expressed in Graeco-Latin 
neologisms, but science of the ABC character, consisting of 

simple arithmetical measurements, far less complex and learned- 
sounding than much of the science that is dispensed by board- 
school teachers and extension lecturers, but for lack of which 
even a doctor of medicine is not qualified to administer 
chloroform. 

Let me premise in the first place that it is totally futile 
in the case of any poison, whether it be called strychnine 
or alcohol or aconite or morphia or chloroform, to discuss 
sources of danger, antidotes, diathesis, idiosyncrasy, etc., etc., 
without knowing how much str3'chnine or alcohol or chloro- 
form has been put into the body. It is comparatively easy 
to learn how much strychnine will kill, rather less easy to 
know how much alcohol will intoxicate, comparatively difficult 
to determine how much chloroform will anaesthetise. 

Alcohol is more or less measured out, by glass or bottle^ 
and we know that the subject gets more or less drunk after 
more or less drink ; knowing this we are justified in observing 
that subjects differ, and that qualities of liquor vary; and if 
necessary we can go on to consider effects of adulterations 
and effects of idiosyncrasy. But obviously we could do 
nothing of the sort unless we could measure quantities of 
poison swallowed 

But in the case of chloroform, which is administered by 
inhalation through the lungs, the effects of adulteration and 
the effects of idiosyncras}* have been discussed in the absence 
of any approach to surh a measurement. The patient has as 
a rule inhaled an unknown quantity of chloroform. As 
a rule the administrator has not the slightest idea what 
the quantity has been, and a fatal accident that has in all 
probability been caused by overdose is put down to idiosyncrasy 
of patient or impurity of chloroform. 

Is it not clear that the first necessary step to take, previous 
to any possible rational discussion of idiosyncrasies and im- 
purities, is to find means of measuring the quantity of chloro- 
form absorbed, or at any rate of measuring the quantity of 
chloroform in the air inspired ? 

My attention wa.^ forcibly directed to this question in 1890, 
in connection with physiological experuaents. Whereas in my 
previous clinical experience I had had occasion to administer 
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chloroform fairly often in the rough-and-ready fashion of the 
Edinburgh school, wuiiuut mishap or alarm, in my subsequent 
laboratory experience 1 h cquently lost animals by overdose of 
chloroform, and tur a time I took to ether instead. 

From this I was led to make a long series of experiments 
on isolated nerve with ether and with chloroform vapours at 
all kinds of percentages in air. Using the excitability of nerve 
as my touchstone, I found that lo per cent, chloroform vapour 
was immediately and irremediably fatal, while ether vapour 
at much higher percentage caused complete but only temporary 
inexcitability. I studied in the same way many other ansesthetic 
drugs — ^the chlorometbanes and chloroethanes especially, and 
chloroform itself at percentages from 0*5 to 5 per cent I came 
to the conclusion that chloroform is physiologically seven times 
as powerful as ether, that as a certain and controllable anaesthetic, 
chloroform is the best of the chlorometbanes, and preferable to 
any of the various chloroethanes that have been recommended 
from time to time for clinical use, but that the safe administra« 
tion of chloroform requires the continuous and uniform inhalation 
of chloroform and air at between I and 2 per cent— or, as I then 
expressed it for the sake of emphasis, " not below i per cent, 
not above 2 per cent" 

In the discussion that took place on the communication of 
these results at the meeting of the British Medical Association 
at Montreal ' (1897) and in the following year at the Society 
of Anaesthetists, the principal points of opinion elicited were to 
the effect that it was certainly desirable that chloroform should 

> Waller : " The Action of Anaesthetics on Nerve ; Ether and CUorolbnn,* 

£ri/. Med. Jot4m., November 20, 1897. 

Waller: ''On the Dosage of Chloroform," Brit. Med.Journ.^ April 23, 1898. 

Waller : "On tbe Administration of CMorofonn to Man and to the Higher 
Animals," Lancet, November 28, 1903. 

Waller : " On the Physical Relation td Chloroform to Blood," Procetdings of 
tkt Royal Society, Vol. 74, 1904, p. 55. 

Waller and Geets : " The Rapid Estimation of Chloroform Vapour," Brit, MetL 
Jaum.^ June ao^ 1903. 

Waller: "Chloroform Estimation by Densimetry" : "Ether Estimation by 
Dcnsimetry," Proceedings Physiolo^cal Society, July it, i(>o3. 

Waller and Collingwood: "Estimation of Inspired and Expired Chloroform," 
Preetedings Physiological SocUty^ February 25, 1905. 

Waller: "A Physiological Contribution to the Problem of Chkwofonn 
Anassthesia," Brit. Med, Joum., December 24, 1904. 

Waller : " On the Action of Anaesthetics," Presidential address to the Physio- 
logical Section of the British Association, Leicester, 1907. 
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be administered with plenty of air, but that it was practically 
very difficult if not impossible to secure the administration of 
the vapour between any definite limits of percentage. 

This opinion was, I think, in the main correct. Snow's 
inhaler, in which the patient inspired through a bottle con- 
taining liquid chloroform, had been found to be not free from 
danger, the estimated percentage was rather high (4 per cent, 
or 5 per cent) and the apparatus fell into disuse until recently^ 
when it was revived under a slightly different form by Vernon- 
Harcourt, and favourably reported on by a committee of the 
British Medical Association.* The percentage of delivery of 
this modified form is adjusted to be from 0-5 to 2 per cent., 
but in my opinion the percentage scale with which the in^-tni- 
ment is furnished is no real indication of the actual percentage 
of delivery. The method is the everyday method of the 
laboratory, where prompt rather than safe anaesthesia is 
required ; but obtained at a price of accidental deaths by over- 
doses with which every physiologist is familiar. 

Paul Bert's method to deliver to the patient chloroform and 
air at known percentage from a large gasometer proved to be- 
quite impracticable. 

Another French apparatus, that oi Raphael Dubois, has 
fallen out of use in France, and has been condemned in this- 
country as being cumbrous and expensive. It is, as I have 
elsewhere stated,- a very safe apparatus indeed, and my opinion 
has been confirmed during the last three years by the far more 
extensive experience of Dr. Paul Chapman, of Hereford. I 
believe» however, that the method is inferior both in certainty 
and in convenience to that which I shall finally describe. 

An apparatus of my own/ called the wick-vaporiser, based 
on the principle of the carburettor of a motor-car, and adjusted 
to deliver by the evaporation of chloroform from i, 3, or 3 wicks^ 
I, 2, or 3 per cent of chloroform vapour, has rendered good 
service in the laboratory, has proved satisfactory in a limited 
number of trials in hospital, but is open to an objection that 
applies in more or less degree to all other forms of apparatus 

• /?rif. Miif. Joi/m., July 1903. 

* "An Examination of Apparatus proposed for the Quantitative AdininistratJon 
of Chlodrofonn,'* Lancet, July 9, 1904. 

' "The Wick- Vaporiser," Proceeding cf tk* Pt^sii^Ogkal 5(0e^, AtlgUSt 19^ 
1904 •,J&ttrmal 0/ PkjftM^gjf^ voL xxxl 
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i have examined : viz. the graduation, however carefully made 
in the laboratory, is illusory when copied by the instrument- 
maker, and still more illusory in the hands of an anaesthetist 

The Roth'Drflger apparatus is designed to supply a mixture 
consisting of a measured volume of oxygen and a measured 
volume of chloroform vapour from a measured number of drops 
of liquid chloroform. The apparatus has been used largely in 
Germany during the last four or five years. I tested it in 1904, 
and found that the deliver}' is approximately in accordance 
*with the graduation of ihe scale. The apparatus is, however, 
cumbersome and complicated, more so than the Dubois. 

But I do not propose to encumber these pages with the 
detailed description of particular apparatus. All I wish to do 
is to make good the point that the necessity of measurement has 
given rise to measuring apparatus in France, in England, and 
in Germany. All such apparatus applies one or other of two 
principles — the chloroform mixture being supplied to the patient 
on the vacuum system — Snow, Vemon-Harcourt ; or on the 
plenum system — Dubois, Junker, \\ aller, Roth-Drager. On 
the vacuum system, the patient inspires air tlnough a vessel 
containing liquid chloroform by a Iji oad inlet tube and a closely 
fitting face-piece. On the plenum system the patient inspires 
from a freely open face-piece in which an excess of chloroform 
and air of required percentage is maintained by a pump. 
Obviously the former method is more difficult to apply perfectly 
than the latter. 

The most serious objection to every sort of graduated 
apparatus is, however, the lact that the graduation, valid in 
the laboratory to an error of perhaps 10 per cent., is liable 
to variations of 100 or 200 per cent in hospital use. The 
value of any scale of any sort of graduated apparatus used 
under clinical conditions is less than none, for the graduation 
is misleading. Variations of temperature, of ventilation, 
agitation, etc, may at once cause the unit percentage to rise 
to 2 or 3, or to fall to | or less, and the sode becomes com- 
pletely misleading — i may mean 2 or 0*5 ; 2 may mean 4 or 
I ; o*5 may mean x or 0*25 — and any discussion as to what 
percentages are safe or dangerous is waste of time. Indeed, 
when one asks by what methods percentages are determined, 
he must marvel at the facility with which it has become 
customary for anaesthetists to talk about this or that percentage 
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of chloroform. All the same, this loose talk in terms of per- 
centage is a considerable step in advance of the state of matters 
a few years ago, when anaesthetists were accustomed to scout 
the possibility of any sort of measurement, and to judge of the 
action of chloroform solely by its result upon the patient. 
Obviously, under such conditions, the only safe anaesthetist was 
the experienced anaesthetist, the man who had learned to 
recognise danger as soon as danger became visible. No man 
can be thus experienced from the outset, some men become 
thus experienced more rapidly' than others, others never 
become thus experienced. Is it not, therefore, self-evident that 
in every few thousand administrations there must be cases of 
serious danger or death, and that in every single administration 
there must be anxiety or alarm ? And may it not be expected 
of science, which is measurement, that the heavy price of 
anaesthesia should be reduced? I assert again what I have 
already asserted repeatedly in medical circles — at Montreal 
before the British Medical Association, at the Society of 
Anaesthetists in London in 1898, at Johannesburg to the Phy- 
siological Section of the In itisii Association in 1905, in many 
communications to the Bniish Medical Journal and Lancet — that 
the price need not be paid, or, at least, may be greatly' reduced, 
by the application to medical practice of two or three simple 
lessons of arithmetic learned in the physiological laboratory. 

It was estimated by Snow^ that 18 minims of chloroform 
in the blood of a patient will produce anaesthesia, and that 
double the amount is fiatal. 

Grdiant estimated that the blood of animab killed by 
chloroform inhalation contained about 50 milligrammes per 
ICQ grammes.' Thb proportion would be about 2^ gramr "'^ 
in the blood of an average person. 

Budonaster and Gardner*, by a more precise method, arrived 
at an almost identical result, llie amount of chloroform in the 
blood of an animal killed by inhalation of strong vapour was 
from 40 to 66 milligrammes per 100 grammes ; that in the blood 

* Stio«r,(7» Chloroform mid ^trAftastiutics, 1858. 18 nunims it approximately 
T c.c. of liquid chlorofonn, or 300 c.c. of chloroform vapour, I gnaaiM of liquid 
chloroform gives approximately 200 c.c. of vapour. 

' Gr^hant et Quiaquaud, Dosage du Chlorofonne dans le Sang d'un Animal 
anesOln^,'' Compus Rtndm dt tAcadMt dts Sdimets, xcvii. 1885, p. 753. 

* Buckmaster and Gardnor, **T1ie Estimation of Ch]orof«rm m 13m Wood of 
AnxtUiettaed Animal^" iVvMidK^ 
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of an animal completely anaesthetised was 20 to 40 milligrammes. 
And following out the percentage in the course of anaesthesia, 
they called attention to the fact that at the very outset the 
percentage commonly reaches a maximum value within the 
first minute or two, and thus gives rise to " a first danger 
point" during the induction of anaesthesia. 

As ordinarily administered, it is quite possible that a patient 
should take into the lungs in one minute 10 litres of air. con- 
taining 4 per cent, of chloroform vapour, 400 cc, ul which 
one-half may be at once absorbed by the pulmonar}^ blood and 
carried to the heart, i.e. 200 cc. or 1 gramme, or one-half the 
quantity reputed to be lethal. Merely by a single deep gasp 
after the breath has been held, it would be quiLc possible 
for a patient to take suddenly into his lungs perhaps 100 cc. of 
vapour, or half a gramme of liquid chloroform. Is it to be 
wondered at that a heavy price is paid for the boon of anaes- 
thesia? Is it not, rather, matter for surprise that the price is 
not heavier than it is? 

The principal condition upon which the required state of 
anesthesia depends is the mass of chloroform present in the 
inspired air, or, in other words, on the tension of chloroform 
vapour in the lungs. And it is important that, as far as possible, 
the percentage (or tension) of chloroform vapour in the inspired 
air should be kept as constant as possible by the continuous 
administration of chloroform at low percentage. The inter- 
mittent and irregular administration at high percentage should, 
as far as possible, be avoided. In comparison with the fulfil- 
ment of this principal condition all other considerations are of 
subordinate importance— the fact that the administration should 
be commenced at relatively low percentage, and once anaesthesia 
is induced that it can be maintained at low percentage; the 
fact that patients differ in their susceptibility to anaesthetics; 
the fact that more or less profound anaesthesia is required, 
according to circumstances ; and many other detailed facts, to 
the scientific control of which it is primary that we should know 
how much chloroform is actually delivered to the inspiration of 
the patient, or, rather, what is the actual percentage and tension 
of chloroform vapour in the inspired air. 

Some ten years ago I said that the percentage should be 
between i and 2. During the last few years I hnve elaborated 
a ready method of estimating that percentage, and have 
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attempted to devt&e a ready method of deliv^ng chloroform 
vapour and air- between the required limits. 

I have at last hit upon a combined method of estimation and 
of deliveiy that has proved itself to be an admirable laboratory 
method, and that wiU, I believe, prove to be of great service as 
a hospital method of exact administration. 

The arithmetical data upon which the method depends are 
as follows: 

A litre of chloroform vapour weighs . 5*3 grammes 
II ff . 1*3 t> 

Difference .... 4*0 
Or difference per i c.c. . 4*0 milligrammes 
A litre of chloroform and air at i per cent, or 990 c.c. of 
air +10 cc. CHClj, weighs V34. Gmmmes, and every 40 milli- 
grammes of weight in a litre ilask or bulb of mixture 
indicates i per cent, of chloroform vapour in the mixture — 
or in a 250 c.c. bulb each centigramme indicates i per cent. 
This affords a ready means of estimating from time to time 
the percentage of chloroform vapour in mixtures of chloro- 
form and air, and I have used it extensively as a means of 
calibration and control of apparatus. But, obviously, it is not a 
method for use outside the laboratory. 

But the ne.\t step, by which I sought to obtain for the 
laborator}^ a means of estimating from moment to moment, and 
recording, the fluctuations of percentage taivUig place in the 
chloroform mixture delivered to an animal, and of varying the 
percentage as desired for the experiment, put me in possession 
of an instrument which at once fulfilled its laboratory purpose 
and at the same time is obviously capable of being transferred 
to the operating theatre. 

Instead of weigliuig m air a bulb full of chloroform mixture, 
I weighed, or rather counterpoised, a bulb lull of air 111 a jar 
traversed by the chloroform mixture ; the bulb, of course, rose 
and fell as the mixture was made more or less dense by more 
or less chloroform vapour. The pointer of the balance was then 
graduated in chloroform percentages by appropriate weights — 
increments of 40, 80^ lao milligrammes for i, 2, and 3 per cent. 
CHQi with a litre bulb.^ A light pen fixed to the beam of the 

' I have not talked about temperature and pressnie correctiona, which dMNild 
be taken into account when required, and ignoced when not lequited. For 
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balance and a smoked cylinder served to give a record of the 
rise and fall of the bulb with rise and fall of chloroform per* 
cent^e^ and incidentally served the useful purpose of damping 
the oscillations of the beam and pointer. In order to avoid 
accidental fluctuations of the percentage delivered to the 
animal, it was advisable to use a vessel of considerable volume 
containing the mixture on its way tb the animal I used the 
case of the balance for this purpose. Air was pumped into it 
through or over the surface of chloroform by the ordinary 
respiration pump or by a bellows, and went on by a second tube 
to the tracheal cannula or mask. The large capacity of the 
balance case — ^in this case 30 litres^proved to be suitable for 
the induction of anaesthesia and for its safe gradual modification. 
The chloroform percentage rose from zero to 2 per cent in 
about two minutes ; the lag of voluntary diminution and increase 
was about ten seconds ; the pointer could at will be kept per- 
fectly steady at any desired percentage. Finally, I may remark 
that for all ordinary purposes of the laboratory a comparatively 
coarse balance is best adapted In the apparatus now in daily 
use the graduation is from i to 3 per cent, which gives records 
of 6t 12, and 18 mm. amplitude. 

Judging by the comments of visitors to the University 
of London, acquainted with the various haphazard methods 
in use for producing and maintaining^ nnGnsthesia of the 
human subject, and witnessing for the hrst lime the ordinary 
procedure followed in tlic j)bysiological laboratory for the pro- 
ducingf and maintaining of anaesthesia of animals, the usual 
thought aroused seems to be one of regret that the human sub- 
ject cannot be anaesthetised with similar uniformity and safety. 

My own feeling is one of intense surprise, that the clear 
practical experience of the laboratory should be of so little use 
to the medical profession, and that year by year the death-roll 
of chloroform aiu^sthesia should continue undiminished. 

Occasional attempts have indeed been made in France, 
in Germany and in England, to bring graduated aj)paratus into 
use, and have met wilii a certain amount of succcsij in the 

9ii&nuf temiMnitttres (18^ C.) and prMSure nun. Hg) a bulb of 
to$4 c.c. would be required for these increments. Or if, as was the ca'^c of 

the particular balance now in my hands, the bulb had a rapacity of 870 c.c, the 
counterpoising weights for 2, 3 per cent., should be uken as 33, 66, and 
99 MuSS^gnmrnt, 
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hands of a few anaesthetists. But for one reason or another, 
graduated apparatus has not met with general favour ; instru- 
ments have been too dear, or too troublesome, or have failed 
to fulfil the promise of their inventors and advertisers. Each 
inventor, whether Frendi or English or German, has had his 
instnim^t patented ; and the consequence has been that each 
instrument has been advertised as perfect, whereas as'a matter 
of &ct no instrum^it can be perfect— every instrument requires 
to be used intelligently. 

I think it may be useful to describe the ordinary daily 
practice of this laboratory towards animals, and to indicate as 
briefly as possible how I should propose that a similar pro* 
cedure should be applied to hospital aneesthesia. And I shall 
at once premise, in reply to the inevitable objection that the 
method is too troublesome for hospital use, (i) that it is not too 
troublesome for daily use in the laboratory for animals, (2) that 
several thousand animals have been anaesthetised in this 
laboratory during the last five years, without the accidental loss 
of a sii^le animal, and (3) that, even admitting that the procedure 
is more troublesome than the ordinary practice, it is not 
unreasonable to expect as much trouble to be bestowed upon 
the safe anaesthesia of a patient in a hospital as is bestowed 
upon an animal in a laboratory. In point of fact, the trouble of 
application would be smaller in the case of man than it is in 
that of an animal. 

The procedure in this laboratory as regards animals is as 
follows : 

First step. — The animal is placed in a closed glass chamber (a 
large bell-jar, or a small cupboard with plate-glass front), into 
which chloroform-and-air of desired percentage is pumped. The 
latter is provided by pumping air by a small electric motor 
through an ordinary wide-mouthed bottle containing liquid 
chloroform, into a large-mixing chamber (capacity = about 30 
litres), containing the chloroform balance and provided with an 
inlet from the chloroform bottle and an outlet to the animal 
chamber. The flow of air is rendered uniform and of suitable 
volume per minute by means of an elastic reservoir and a per- 
forated stop on the course of the supply tube. The percentage 
of the mixture administered is watched on the pointer scale 
(and if desired recorded by a light pen). It is regulated by 
varying the depth of a tube in the chloroform bottle and by 

40 
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admitting more air to the mixing chamber. In general, anaes- 
thesia is induced by chloroform and air at 2 per cent., and the 
animal is kept under anaesthesia at i per cent, until required. 

Second step. — The anaesthetised animal is removed from the 
bell-jar or cupboard, for the operation of tracheotomy. The 
outlet tube of the mixing cliaml)cr is attached to the tracheal 
tube, and ana^sLhesia is maintained by a mixture at between 




Fig. 2.— The Chlorofocm Baknce. 



I and a per cent., as shown by the index of the chloroform 
balance; The chloroform-and-ah: is taken by the animal by 
its ordinary respiration, or supplied to the animal by the action 
of the pump (in which case the elastic bag and perforated 
stop are removed from the supply tube). In either case the 
anssthetic vapour is under slight positive pressure— it is 
delivered on the plenum system. 
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The procedure m ho^tal is (or would be) simplified by the 
fact that the first step necessary in the case of animals, viz. 
anaesthesia in a confined space, is not necessary for the human 
subject. Obviously, also, tracheotomy is omitted; all that is 
required for the human subject is an open mask or &ce-piece 
at the end of the delivery tube. For since the delivery of 
chloroform to the patient is on the plenum principle, and such 
pressure as exists in the mixing chamber and delivery tube 
is positive, length of tube is immaterial, and does not place 
any extra work upon inspiration by the patient. All the 
apparatus required by the anaesthetist at the operating-table 
consists of the tube itself, and the &ce-piece or other terminal 
contrivance; the pump, the chloroform bottle, the mixing 
chamber, and the chloroform balance are at a distance from 
the operating-table, out of the way, but not out of sight. The 
size of the mixing diamber (30 litres) ensures the continuous 
and uniform supply to the patient of chloroform (or ether) 
vapour at known and visible dilution. The indication of 
percentage is easily verified, and is visible to ail persons 
present The concentration, which, by reason of cooling of the 
chloroform, automatically remains below 3 per cent, can be 
varied at will with sufficient rapidity, as shown by the indicator, 
and it cannot be suddenly augmented to a dangerous amount 
The attention of the anaesthetist is free to be wholly bestowed 
upon the state of the patient, in accordance with which the 
strength of vapour is raised or lowered, and seen to be raised 
or lowered. (At the cost of a very trifling additional trouble, 
a permanent record can be taken of the strength of vapour 
emploj^ed during the whole time of its administration.) 

The apparatus in its laboratory form is not very portable. 
And although, no doubt, it may be practicable to render it 
more portable, I prefer at presenL to keep to the dimcubiuns 
with which I am familiar, and to advise its use chiefly as a 
hospital fixture, set up in the operating theatre and in the 
room or rooms in which patients are prepared for operation. 
1 am convinced that an installation of apijaraLu:^ ui this character 
would go far to remove the possibility of prolonged series of 
fatalities such as that mentioned in the footnote to p. 612, and 
to allay an incalculable amount of anxiety in the minds of all 
those who know. And as regards the general public, who at 
present do not know, I am convinced that if the serious 
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raisluiLunc of an unreasoning dread of anaesthetics is to be 
avoided, the danger of anaesthesia must be reduced to whatever 
may be its unavoidable minimum, by applying in the hospital 
the dear teaching of the laboratory. 

A direct indicator of the percentage of chloroform in the 
air delivered to the inspiration of a patient is, in my opinion, a 
valuable safeguard. It is not difficult to secure ; it is legible at 
a glance. I do not say that its use would abolish all danger, 
but I do assert that the common knowledge of the physiological 
arithmetic of chloroform would go for to diminish the excessive 
price of anaesthesia. 
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Any one who at the present time reflects upon the advances which 
have taken place in medical practice within the last twenty-five 
years will easily recognise that the introduction of antiseptic 
and aseptic methods — for which all mankind is under a lasting 
debt to Lord Listex^has largely increased the frequency of 
surgical operations. The frequency with which general 
anesthetics are employed has consequently also augmoited 
to an equal or even greater extent, and it may be admitted 
that the safe administration of such a drug as chloroform is 
to a large extent dependent upon the skill of the individual 
ansesthetist However, deaths may, and do, occur during 
anaesthesia. Life may be lost before an operation has been 
commenced, and the cause or causes of such an accident has 
been the subject of much useless speculation, and also of some 
valuable experimental work on the physiology of anaesthesia. 
The whole science and art of medicine advances sometimes at 
a slow, sometimes at a quicker rate, but any given degree of 
progress is almost entirely r^;ulated by those additions to 
knowledge which are founded upon exact experiments carried 
out in laboratories. 

During the past few years the subject of anaesthesia by 
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chloroform has been under the consideration of a special 
committee apiK>iiited by the British Medical Association/ 
The experimental work thus initiated has proved of much 
service, especially in indicating the limit-value of the chloroform 
vapour which can be safely inhaled. The introduction of an 
inhaler by Vernon Harcourt for the administration of chloro- 
form with safety is also the direct outcome of this work. The 
simplest and quickest way to determine the percentage of 
chloroform vapour in air is by a method suggested by Waller* 
which depends upon tiie proportional increase in weight which 
known volumes of air and chloroform exhibit, compared with 
the same volume of air. The purpose of this paper, however, 
is to draw attention to recent work on chloroform anaesthesia 
which has been carried out in this country and in France. The 
acLivity of observers in Germany has not been directed to this 
particular inquiry. 

I'csides chlorotnj m, some hundreds of substances have been 
shown to possess in different degrees well-marked anaesthetic 
and narcotic properties. All forms of life, the simplest and the 
most complicated, unicellular and multicellular organisms, 
can be shown to exhibit very similar phenomena in response 
to minute, moderate, and toxic doses of tbose drugs which are 
grouped as ansesthetics; and it is probable some single 
fundamental type of interaction which takes place between 
the anaesthetic and the protoplasm or bioplasm of cells, will 
be found to take place, and that upon this fiict a rational 
explanation of the anaesthetic process will be given. The 
condition finally established by increasing any given anaesthetic 
is one of profound intoxication, and a state of narcosis is 
induced in the higher animals, owing to the successive inter- 
ference with the excitability of the cortex of the brain, of the 
grey matter of the spinal cord, and of the grey matter of the 
spinal bulb or medulla oblongata. These parts of the central 
nervous system become inactive, and a progressive paralysis 
of the nerve cells becomes established, in which the sensory 
and receptive apparatus is probably impaired before the motor. 
It is beyond dispute, as any one must admit who is familiar 
wiUi the subject, that the ansesthetic state is a condition where 

* Brmsk M^d, Journal^ JvAf tt, 190a, Jvfy iZ, 1903, July 33, 1904, July 33, 190$* 
July 14, 1906. 

' Walter, /'m; FJ^stok^giaU Sec 190^ 



Digitized by Google 1 

J 



RESEARCHES ON CHLOROFORM ANiESTHESIA 627 



the tissue elements, or cells of the body, are poisoned in different 
degrees, and the cells of tlie central nervous sysLciii in higher 
animals exhibit a peculiar elective or selective power in picking 
up such a drug as chloroform, compared with other portions 
of the excitable tissues or neuro-muscular apparatus of the 
body. No matter by what particular hypothesis this selective 
power is explained, it Is equally certain that chloroform does 
not actually accumulate in the tissues, or remain permanently 
held by protoplasm, for a restitution of the normal functions 
of the whole body is always to be seen, provided that the 
interference with function has not been of too long a duration. 

As an explanation of the anaesthetic state some observers 
on insufficient grounds have attributed this to a local anaemia of 
the cerebral cortex. But it is known that this view is not in 
accord with experimental evidence, for the opposite occurs in the 
early stages of chloroform narcosis ; and as Roy and Sherrington 
and also HQrthle have demonstrated, the blood-flow through 
the brain is actually increased. In profound anaesthesia, the 
bulbar centres — those complex nerve-cell aggregations which 
physiologists speak of as the vaso-motor centres, which control 
the bore of the smallest arteries, so that these are in no sense 
inert tubes of constant diameter, the respiratory centres con- 
trolling the muscular movements of the thorax, and the cardiac 
nerve-centres, which govern the liberation of eneigy by the 
heart muscle — become paralysed Frequently these centres are 
finally poisoned in the order in which they have just been 
mentioned, and then, owing to a vaso-motor paralysis, which is 
particularly a feature of chloroform poisoning, such a quantity 
of blood may accumulate in the dilated blood-vessels that a true 
cerebral anaemia may occur. Here it may be mentioned that 
experiments upon animals have yielded incontestable evidence 
that among mammals the vaso-motor nervous mechanism is 
more perfectly developed in a physiological sense in man than 
in the apes, in the apes than in the camivora, in these more 
than in rodents. As Leonard HilP has shown, the explanation 
of this perfected mechanism in man is related to his erect 
posture, and the circulation of blood through the brain is 
maintained at a normal value, whether an animal is placed 
in a horizontal position or in the feet-down or head-down 
position. 

' Journal of Phystolo^^ vol, xviii, 1895. 
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From two volumes published last year by a well-4cnowii 
anflesthetUt^ on the chloroform problem, a few remarks may 
be abstracted, in order to show how the phenomena witnessed 
in chloroform anaesthesia may lead a skiUed clinical observer to 
views for which at present there is no sufficient experimental 
evidence, though it is impossible for any one to deny that the 
deprivation of oxygen may play a very important part in 
throwing the cells of the neuro-muscular apparatus out of 
action. The author considers that ''chloroform and ether are 
typical examples of a group of agrats which possess the 
power of abstracting oxygen (from the blood) without other- 
wise injuring the blood."* Again, "all narcotic agents are 
oxidisable, and cause all their results (direct and indirect) 
by abstracting oxygen from the blood."* "They do not act 
directly upon the cerebral centres, but indirectly through the 
intermediation of the -oxy factor, which it would appear is 
the only known cause of the suspension of their functions."* 
Further, he states that " it is impossible for chloroform to remain 
in the blood without becoming oxidised ; but if there be an 
excess in the circulation, i.e. such an amount as will require more 
for its oxidation than can be supplied by blood, what influence 
does the rest exert?"'' The purpose of this article is not to 
criticise the views held by any one ; but the idens put forward 
in this way, supported as they are by no suiiicient evidence, 
nrr in absolute contradiction to a knowledge which has been 
most slowly built up by experimental methods. All the 
evidence acquired by experiments to determine this particular 
fact, whether any oxidation processes whatever are possible 
within the blood-stream, has uniformly shown that no measur- 
able consumption of oxygen under any circumstances, even 
by a substance so easily oxidisable as pyrogailic acid, can be 
detected with certainty while the blood is within the vessels. 
It is a cardinal fact, and one accepted by ever}' physiologist, 
tliat the consumption occurs wiiiun the tissue cells of the body, 
and that this is dependent entirel}^ not upon the supply of 
oxygen, but upon the requirements of the entire organism. Tlie 
evidence for this is to be found in any physiological text-book> 
For example, Schmiedeberg found that such easily oxidisable 

» The CJICl.-probUm^ by Richard Gill. 2 vols. 1906. 
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substances as benzyl alcohol or salicylic aldehyde undergo no 
change within the blood-stream ; but that the substances are 
easily oxidised to benzoic acid and salicylic acid when the 
blood-flow |)asses among the cells of the kidney. 

The explanation which is advanced that anesthesia is due 
to the abstraction of oxygen by chloroform — rests on no certain 
basis, for it is quite easy to anaesthetise a frog when all its 
blood is replaced by '65 per cent, sodium chloride. Moreover, 
all animals, including man, who live at varying altitudes from 
the sea-level to 10,000 ft., are luxuriously supplied with oxygen, 
so that the amount available far exceeds the need. As will be 
shown subsequently, the actual amount of chloroform in the 
blood during ansesthesia is known, and assuming, which is not 
the case, that it is easily oxidised, the amount of oxygen which 
might be abstracted in this way would not produce any symptoms 
at all, except in so far as the oxidation products could exert an 
effect, and still less possible would it be for a state of anaesthesia 
to be established by so small a diminution in the oxygen- 
content of the blood The destiny of the chloroform in the 
blood is to be exhaled ; and if any amount of it is oxidised this 
takes place, not in the blood, but in the tissues of the body. 
Kast * and Zeller,* also W. H. Thompson,* have found an excess 
of chlorides in the urine after chloroform narcosis ; while some 
observers — Wagener,* Thiem and Fischer* — state that chloro- 
form as such can be recognised in the urine. An excess of 
chlorides is not conclusive evidence that the drug is oxidised, 
for these are increased, but not to the same extent, after 
anaesthesia by ether. 

Experimental evidence that chloroform may be decomposed 
within the orG;-anism has been furnished by Desgrez and 
Nicloux,** who found small quantities of a combustible gas 
which might be hydrogen methane or carbonic oxide in normal 
blood. 1000 cc. of this yielded 1*2 cc. of a gas which was 
apparentl}' carbonic oxide. In the same quantity of blood from 
animals deeply chloroformed larger amounts were found — in 
one case 6 9 cc. of carbonic oxide. This increased amount was 

* Zeitschr.f. physiolog, Chemie^ xi. 1887, ^^Jahrtsitr^/^ TurtJkmii,vtVA, 1888. 

* Zeitschrift f, physiolog. ChenUe^ viii. 1883. 

* Proc, 0/ Physiological Soc^ January 21, 1905. 

* Jahresbericktf, Tierchewtii^ xu. 190OW 

* Chetn. Zmtralblaf/, i. 189c. 

^ Arch, <k Pkjfshhgit^ No. 2, 1898. 
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believed to arise from a decomposition of chloroform. These 
observations have neither been confirmed nor refuted, but in 
any case the amount of the drug which was decomposed would 
be small. 

The most varied types of living animal and vegetable cells 
respond in an identical manner to the action of chloroform, 
a drug which is seven to eight times as toxic as ether (Waller). 
Exceedingly minute doses stimulate living protoplasm ; thus, 
the ume of inflorescence of the lilac or azalea is quickf ned by 
chloroforiu vapour.^ With progressively increasing amounls of 
the drug, the energy discharges of any organism decrease, and 
finally disappear with a lethal amount. Both individual cells 
and organisms differ in the degree of their reaction to 
anaesthetics ; but with a sufficient concentration of the drug, the 
final result is death. Experiments have shown that dogs and 
other animals are effectually killed by amounts of chloroform 
which are incapable of producing anaesthesia— in other words, 
the metabolic or nutritional processes of the body are profoundly 
affected, the temperature falls, and death occurs. This pheno- 
menon was clearly described by Paul Bert* in 1883, and has 
been more recently studied by B. J. CoUingwood.* The follow^ 
ing table is constructed from experiments carried out on dogs 
by Paul Bert: 
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2' 
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3' 
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•t 



n 
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II 
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It will be seen that the toxic action of chloroform profoundly 
checks the nuiritinnnl or metabolic phenomena of the body; 
when a low percentage is inhaled an enormous quantity' of 
chloroform can pass into and out of the body without producing 

^ £. Lemoine, /our. of Royal Nbrt, Sae^ October 1903, and Lebtanc^ Soe. 
Cent. Effort, dt Nancy, 1906. 

» Compfes rcndus de rAcad. d. Sc., t. xcvi. p. 18S3. 

* Science Progress, vol. i. p. 12. 
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any obvious effect except a fall in temperature. In this its action 
closely resembles alcohol, which has been shown by Tarchanoff 

to impede growth and check the development of the excitable 
sensori-motor regions of the cortex of the brain. Chloroform 
also appears to exert a ni itia d influence on the growth of 
animals. Experiments have been carried out for a period of 
five months on kittens from the same litter and of equal viG:our, 
which show that there is a retardation of growth, estimated by 
weighing, in young animals which were anaesthetised up to the 
point at which the corneal reflex just disappeared, twice a 
day. Animals, however, like plants, exhibit increased meta- 
bolic activity subsequent to this treatment, and their rate of 
growth more than compensates for the retardation.^ 

The Relations which hay exist between Chloroform and 

Blood 

It has already been stated that the condition of anaesthesia 
can be induced in isolated cells or in organisms which possess 
neither a blood system nor a nervous system. The condition 
can be established in any living thing, no matter how low or 
how high may be its organisation. How the anesthetic state 
is actually produced is at present unknown, though the theoiy 
advocated by Hans Meyer' and Overton' is generally accepted 
as affording some sort of explanation. These observers, inde* 
pendently and almost simultaneously, ascribed the action of 
such an anassthetic as chloroform to the fact that certain cell- 
constituents, such as lecithin or cholesterin, were capable of 
physically taking up or absorbing the anaesthetic When this 
has occurred the activities of the cell are interfered with, 
especially in the sense that its response to excitation is 
diminished. The greater sensitiveness of the central nervous 
system, compared with other organs of the body, such as the 
muscles, is considered to be explained by this hypothesis, 
since the former is peculiarly rich in bodies, or lipoids, which 
are soluble in chloroform, or the same idea may be expressed 
by regarding lipoids as cell-constituents which pick up anaes- 
thetics which are soluble in these. The basis for the theory 

* Shapiro, PrtK, Physiology Spc Dettmber 10^ 1905. 

* ArdOv f, exp, Paikoi, ««. PkarmaJM, xSi. 1899^ and ilvi. 1901. 

* SimUm Mber NMrkost^ Jena, 1901. 
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which has just been indicated rests largely upon ph5rsical 
experiments as to the relative solubility of anaesthetic sub- 
stances in water and in olive oil. It is true that many 
anaesthetics, chloroform among them, are soluble in all pro- 
portions in oil, whilp water takes up only 72 per rent, ; but 
a convincing explanation of what occurs in anaesthesia is not 
likely to be gained by studies of this nature, no matter how 
' accurately they are carried out ; and, moreover, they will not 
afford an explanation of the action of such narcotics as morphia 
or conia. For these Overton, to whom we owe the introduction 
of the term ''lipoid," suggests the existence of combinations 
between the drug and cell-protoplasm, a view which Benjamin 
Moore and H. E. Roaf have particularly put forward as a 
possible explanation for the action of all anaesthetic substances. 
Some of these, such as chloroform, may form easily assimilable 
and dissociable compounds with the living protoplasm; others, 
such as morphia, may form more stable compounds, and will 
therefore probably be more specific in their action. 

The attention of Benjamin Moore and H. £. Roaf was first 
attracted to the subject of anaesthesia by witnessing some 
experiments performed 'by C. S. Sherrington and S. C M. 
Sowton. If a mammal be killed and the heart removed, this 
organ can be shown to beat regularly for more than four 
days if it is supplied with a weak, watery solution of certain 
inorganic salts, provided that the liquid is saturated with 
oxygen gas. The heart, therefore, will exhibit a prolonged 
period of activity outside the body when there is no blood 
supplied to the organ. This demonstration we owe to F. S. 
Locke.' A concentration of chloroform, added to the liquid 
which feeds the heart, of i in 100,000, produces a constant effect ; 
the vigour of each individual heart-beat is diminished. This 
effect rapidly appears, and persists for just as long as chloroform 
of this low but adequate concentration is bathing the interior of 
the heart. When the solution containing chloroform is replaced 
with Locke's fluid, the effect on the heart's beat disappears 
and the contractions regain their normal vigour, to again sink 
when the weak chloroform solution is substituted. From this 
experiment, to quote Moore and Roaf, it was clear that chloro- 
form exerted no cumulative action on the living protoplasm of 
muscle; that is to say, the effect on the cardiac beat was the 
*■ ZmifviU,/, PJfysM, December 39, 1905. 
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reduction in vigour to a certain extent and no more. No matter 
how prolonged was the passage of the chloroform solution, the 
effect rapidly disappeared when the ansesthetic was removed. 
Secondly^ the effect upon the living cells of the heart muscle 
depended solely upon the concentration (solution tension or 
osmotic pressure) of the chloroform in the cell for the time 
being; and, lastly, the effect at any moment was not at all 
due to the total amount of chloroform which had been supplied 
to the heart up to that particular time. Experiments of this 
nature suggested the view that the effect might be due to some 
unstable association or combination between the anaesthetic 
and the cell protoplasm of muscle, and that this existed for 
only so long as the pressure of the anaesthetic was maintained. 
Diminish this pressure to zero and complete recovery takes 
place, the association ceasing to exist; re-establish the pressure 
an (I the effect of the anaesthetic once more is witnessed. In the 
opinion of the writer no other view than this is possible. The 
condition of chloroform ana.'sthesia in man can be most satis- 
factorily^ comprehended by considering that from the commence- 
ment of the inhalation of an air-and-rliloroform mixture the 
pressure of the anaesthetic augments in the blood, and it is 
this pressure which first of all forces the drug into the lymph 
and then into the cells of the bod}', some of these being more 
permeable and therefore more susceptible than others ; the 
degree of anaesthetisation of the cells being due not so much 
to the absolute quantity of chloroform supplied, as to the 
maintenance of a definite pressure of the anaesthetic ui ilic 
blood. From a large number of experiments which the writer 
has witnessed, it is clear that no definite fixed relation exists 
between the proportion of chloroform in the blood and the effect 
of the drug, for this is determined not by the absolute amount 
which is held, but by the actual quantity which passes into the 
cells of the central nervous system, so that the control of these 
over the liberation of energy by the organism is reduced to a 
minimum. 

Since in the higher animals arterial blood is the vehicle 
by which chloroform is taken up from the surrounding medium 
and a certain solution pressure of the drug must be attained 
before anaesthesia occurs, the relations which may exist between , 
blood and chloroform have been the subject of much investiga- 
tion. The proteins of the blood, both those in the plasma and 
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the red corpuscles, particularly hemoglobin, have been proved 
to form definite unstable compounds or physical aggregations 
with chloroform; and the position taken by the anaesthetic in 
hsemc^lobin is not that of the respiratory oj^gen, for the 
oxygen-carrying power of this protein is in no way impaired 
or interfered with by the presence of chloroform, though it 
is quite certain that during narcosis with chlorctform arterial 
blood becomes progressively richer in reduced haemoglobin. 
Evidence for the above statements was first given by Benjamin 
Moore and Roaf,^ though numerous other observers, such as 
Pohl, Waller, Wells, and Vernon Harcourt, among others, had 
recognised with what tenacity chloroform is held by the blood 
after anaesthetisation, and how difficult it was to recover the 
drug; so that while the gases of the blood can be evarimtcd, 
only '014 gramme out of -loS gramme of chloroform in the 
blood can, as Waller demonstrated, be recovered.' 

The effect of adding chloroform to blood in vitro was described 
by Preyer in 1871.* Formanek* more minutely investigated this 
subject, and proved that when a solution of haemoglobin was 
treated with chloroform and kept at a temperature of So'-SS^C. 
for some Lime, the protein was so completely precipitated that 
the filtrate was free from hceTuoglobin. Edie's experiments 
showed that precipitation occurreth-when the haemoglobin solu- 
tion contained from i'S-7'S P^r cent. oF chloroform.'* Even when 
the amount of haemoglobin in solution varied and the pcrccnlages 
of chloroform added also varied, the percentiige of the anaesthetic 
in the precipitate to the amount of hasmogloB.in which was not 
precipitated remained constant, from which it'^ay be inferred 
that the precipitate formed is of the nature of a d^nite chemical 
compound or, possibly, a d^nite physical aggregatipn. 

Experiments m vUro have also shown that when sN^ution of 
hsemoglobin is taken, and i per cent of liquid dilorofohn added, 
and the mixture shaken thoroughly, all the chloroform dilMolves; 
no precipitate forms on standing either at the room or tO^hody 
temperature. It must, of course, be remembered that e^^n* 
ments of this nature do not in any way imitate the conditfl 

* Proc. Royal Sor., vol. Ixxiii. May 1904, and vol. Ixxvii. I90$* 

* Waller, /'roc. l\oyai Soc, vol. Ixxiv, June 9, I904. 

* Vi£ BlutkrysialU^ p. 104 : Jena, 1871. 
^ ZdUekrift / pi^sioleg. CkmU, voL tooeu 190a 

* Repoits of Thonipcoa Yateeand Jobntton Labontorie^ Ltveipool, ?oL vi 1905. 
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which occur when the vapour of chloroform is inhaled, and 
under no conceivable circumstances would anything like the 
amount of i per cent of chloroform ever be foimd in the blood at 
the lethal stage of anaesthesia In 1905 Friedrich Krflger again 
investigated this point^ He states that the precipitate described 
above is insoluble in water or neutral salt solutions, but is soluble 
in weak adds or alkalis ; and from both of these the precipitate, 
as might have been expected, is again thrown down on neutrali- 
sation. The main interest of KrQger's work, however, lies in 
the fact that he has described and figured a special absorp* 
tion spectrum for solutions of this precipitate; and should 
this observation be confirmed, it would undoubtedly greatly 
strengthen the views which are held by Moore and Roaf. Just 
as Edie has observed, so KrQger found that the chloroform- 
hemoglobin precipitate was soluble in alkali ; but whereas the 
former observer states that in solution in sodium carbonate 
yields the spectrum of alkaline haematin, KrQger describes the 
spectrum as one showing two bands, a and ^, which occupy 
a position very similar to the well-known two-banded spectrum 
of ozy-hsemoglobin. The spectra are, however, dissimilar. 

The difference between these and the effect of reducing 
agents can be seen from the following: 

Spectruu.. Band a Rand ^. ^^Ih^'^Jen**" Effect of redadng 

Hb + CHClj Narrow Broad Disappear together Reduced haemoglobin 
Two bands a and (3 intense or a before ^ and bsemochromogen 

Hb + O Narrow Broad § disappears Reduced 
Twobandaaaiid/I intense befoie* hunogiobia 

Krflger considers that the effect of redudng agents justifies 
the conclusion that the chloroform-hsemoglobm precipitate 
consists of a mixture of hcematin and haemoglobin or methsemo- 
globin. Further, that the relation of chloroform to the blood- 
colouring matter is not that of an indifferent agent, which 
simply renders haemoglobin insoluble, but that this substance is 
actually chemically changed, though he has not apparently 
considered the possibility that there might be a linkage between 
the drug and this protein. FormAnek had already described 
the spectrum seen by Krflger as that of oxy-haemoglobin, and 
for the present judgment may be suspended as to the exact 

* H0fiildHei^9 BHitage^ iii. p. 67, 1903. 
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spectroscopic characters of this bod}', especially as Kroner 
questions the accuracy of many of the ejdstmg charts of the 
spectra of the blood. 

The facts upon which Moore and Roaf rely as proofs that 
a true compound or aggregation can, and actually does, take 
place between chloroform and cell-proteins have been elicited 
by several different methods which were employed for deter- 
mining the maximum solubility of chloroform in water, salt 
solution (75 per cent.), serum, haemoglobin solutions, and in 
blood. The estimated maxiinuin s< tlubility at 13'' C. by weight 
proved that chloroform has a much higher solubility m scrum 
or haemoglobin solutions than in saline or in water. For 
example, it was found that the following figures might be 
taken to represent the maximum solubilities: 

Water 

Saline (75 per cent.) 

HsemoglolMn soiiitiaot or blood 

Determinations of the vapour pressure of chloroform in 
water, serum, and haemoglobin solutions were also made with 
a specially constructed differential densimeter. 

It is well known that of the three gases which exist in blood 
the amounts of oxygen and carbon-dioxide taken up are not 
proportional to the pressure exerted by these gases ; in other 
words, their absorption does not follow the Dal ton-Henry law. 
The question whether chloroform is or is not taken up by 
blood according to this law has never been experimentally 
tested. A given mixture of air and chloroform possesses a 
definite chloroform vapour pressure in the mixture. If such 
a mixture is inhaled, the vapour pressure of chloroform in 
air at the anassthetising value is found to be about 8-10 mm. 
of mercury, which was the value observed by Paul Bert. The 
evidence given by B. Moore and Roaf, who have measured 
the vapour pressures of chloroform in water, serum, and haemo- 
globin solutions of equal strength to that which exists in blood, 
indicates that the curves of pressures and concentrations in the 
case u[ serum and haemoglobin are such that it is clear chloroform 
cannot be absorbed according to the Dalton-Henry law, but 
that the drug is actually associated with the blood-proteins 
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at certain vapour pressures, a fact which is not easy to deter- 
mine except at high pressures. Conversely, the absorption 
of chloroform by saline does, as might be expected, follow 
the law of absorption for varying pressures, and when the 
results nre plotted out the cuwc is a straight line. At a 
temperature of 40'' C, and at ilie anaesthetising value of 
8-10 mm. of mercury, the coehicient of distribution between 
vapour-space and solvent for haemoglobin is about 71, and at 
a room temperature of about 15' C. this would be 18. 

Additional experiments performed by Moore and Roaf 
render the views of Overton and Hans Meyer, which have 
obtained such wide credence, somewhat improbable. At equal 
concentration of chlorofcnii in water and saline the vapour 
pressure of the drug always exceeds what is found for haemo- 
globin or the protoplasmic cells of the heart, brain, or muscle ; 
in other words, the association of the anaesthetic with proteins 
lowers the vapour pressure, just as the tension of oxygen in 
the blood is low, owing to its association with haemoglobin. 
The theory which ascribes the action of general anaesthetics 
to a relationship which becomes established between the lipoids 
(substances of the cell soluble in ether» such as lecithin and 
cholesterin) does not conform with the experimental fact that 
ethereal emulsions of the brain» which organ is considered 
to be so specifically affected by chloroform, behave exactly 
like water or saline solutions ; in other words, obey the Dalton- 
Henry law as far as chloroform vapour is concerned, while 
emulsions of the entire brain, cells and lipoids show that this 
law is no longer followed, but that there is undoubted asso- 
ciation of the anaesthetic at high vapour pressures. Further, 
comparative determinations of vapour pressure and concen- 
tration of chloroform vapour leave no doubt but that it is 
the proteid constituent, and not the lipoid material, which is 
responsible for the actual physical aggregation or chemical 
combination which takes place. Far from the anaesthetic 
state being 'due to an affinity of the lipoids of the cells for an 
anaesthetic, the existence of such substances in bulk, as 
is the case for individuals who possess a large quantity 
of fat, actually imprisons a quantity of the anaesthetic which 
is given, so that it is no longer available for poisoning the 
cells of the organism, which is essential if anaesthesia is to 
occur, for it is well known to anaesthetists that the greater 

41 
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the bulk of fat in a patient the greater will be the absolute 
amount of chloroform required. It is known that the actual 
bulk of an individual is the gross weight minus the stored 

fat ; the presence of this reserve material in anaesthetisation 
actually subtracts and renders useless some of the chloroform 

which is administered. 

What may be the actual chemical and physical effect of 
anse^^thetics on protoplasm generally is a difficult problem, and 
one method which may be applied to its solution depends 
upon a study of the differences of potential which may follow 
the subjection of living nerves to anaesthetic vapour of known 
strength. N. H. Alcock ' has extended the work of Waller,* 
and, in particular, has investigated the effect of chloroform and 
Either upon the current of injury which occurs in excised living 
nerves. A difference of potential existing between the longi- 
tudinal and transverse section of the nerve slowly declines 
under normal conditions, but the difference suddenly drops 
temporarily or permanently according as the vapour is weak 
or strong (12 per cent, or more). By subjecting certain regions 
of a nerve to chloroform vapour, it was noticed that an increase 
of the injury current, roughly proportional to the strength 
of the anaesthetic, occurred only when the vapour reached 
the cross section ; applied to the longitudinal surface it caused a 
decrease. 

The resistance of nerve is not affected by chloroform, 
and therefore no formation of ions at the expense of the 
electrolytes in the nerve takes place» but the normal polarisation 
of the nerve b markedly diminished. 

A very significant fact is noted with regard to the conductivity 
of nerve before and after chloroform and ether. While the 
polarisation of the nerve was markedly altered (as Waller had 
found) there was no change in the electrical conductivity proper. 
If this is substantiated it would show that no fresh ion forma- 
tion took place, and that no splitting up of ion-proteid occurred. 
In a second paper,' Alcock showed that while there might 
or might not be a combination of chloroform with the proteid 
of the frog's skin, the electrical effects could only be accounted 
for by supposing the existence in the tissues of either membranes 

* Proe, Royal Soe. vol Uad. p. 364, vol. facxiii. p. 266^ vol. bxvii. p. 

* Pi/w. Pliysiolo^cal Soc. November X3i 1897, 

* /VvA Ro^al HoCt B., voL Ixxviii. pb 259^ 
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or surfaces of separation, so arranged that normally certain ions 
could traverse the membranes and others could not, while after 
chloroform these membranes or sur&ces were destroyed. A 
simple combination of proteids, as in Moore and Roaf s theory, 
or with lipoids, according to Meyer and Overton, with chloro- 
form would therefore be insufficient to account for the pheno- 
menon of anaesthesia. 

The ANiESTHETic AND Lethal Quantities of Chloroform in 

THE Blood. 

In i860 Lallemand, Perrin, and Duroy stated that 100 
grammes of blood contained i cc. of chloroform vapour. This 
was the lethal amount. In 1883, from the results of seven 
experiments, Gidhant and Quinquaud concluded that $0 milli- 
grammes of chloroform in 100 grammes of blood was the 
anaesthetic quantity, which was only slightly less than the 
amount present at the lethal stage. It will be seen subsequently 
how very exact were both these determinations. Pohl's work 
in 1890 introduced a new method for the determination of 
chloroform in blood, and his chief conclusions were that the 
quantities of chloroform in the arterial blood of dogs during 
anaesthesia might vary. In some cases 100 grammes of blood 
contained '05 gramme, in others only '029 or oiH ot chloroform. 
The average lethal amount was 035 gramme. Pohl also 
recognised that the lethal and anajsthetic amounts closely 
approximate one to the other. For about sixteen years no 
further researches were uiidertaken in connection with this 
question, but it was from time to time made abundantly evident 
that an accurate determination of the chloroform-content of 
blood was one of diiiiculty, owing to the tenacity wiLli wliicli 
the drug was held by the blood, so that it could only in part 
be recovered from that liquid or from the tissues of the body. 
During 1906 several French observers, and Buckmaster and 
Gardner in this country, have renewed this inquiry, and 
though the methods which have been employed in France and 
England are quite dissimilar, there is a fair uniformity in the 
results. The detenninations of chloroform in the blood, made 
by M. Niclouz, St Martin, J. Mansion, and Tissot, depend 
upon the titration of the chloroform as chlorides, which are 
obtained from the blood by distillation with alcohol, rendered 
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acid with tartaric add, and subsequent saponification with 
alcoholic soda or potash. The end point of the reaction is 
a colour one, yellow potassium chromate changing to an orange* 
red silver chromate. Buckmaster and Gardner have criticised 
this method, not adversely or unfairly; but it was incumbent 
to do this, since Nicloux in particular, who has performed much 
work by this method, regards it as a very exact chemical 
procedure, and he also believes that results obtained by methods 
other than this one are too high. 

The principal results obtained by the French observers 
J. Tissot,^ Mansion,^ and Maurice Nicloux* are described at 
length in a recent paper.^ The last observer found that the 
anaesthetic amount varied for different individual dog's. The 
same is true for the lethal amount, and the differences^ between 
the amount required to produce an anorsthesia in which all 
reflexes are abolished and the lethal quantity are small. He 
also found that the quantity of chloroform present in the blood 
at the anaesthetic stage was almost constant, and independent 
of the weight of the animal — a conclusion really equivalent to 
the view that the quantity of blood in the individual does not 
modify the percentage of chloroform in the blood, l issot's 
observations were also carried out on dogs, and the method for 
determining the amount of chloroform in the blood resembled 
that employed by Nicloux. The results of Tissot's work showed 
that anaesthesia can exist with a very low chloroform-content 
in the blood, and that the amounts in arterial and venous blood 
differ. Dui ing the adinuiiaLralion of chloroform the amount in 
arterial exceeds that in venous blood ; during recovery from 
narcosis more of the drug will be present in venous than in 
arterial blood. Tissot lays special stress on the point that when 
mortal syncope or failure of the heart-beat is produced in dogs 
with a prolonged administration of low percentages of diloro- 
form, comparatively large amounts of the drug are found in 
arterial blood; but just before actual syncope occurs the amount 
falls in a marked degree. From this fact he concludes that this 
diminution in the blood, which is a constant phenomenon^ is 

> Comptes rendus tie Ja Soc. de BioL^ 1906^ pp. 195, 900, aog. 

* Ibid. No. 4, 1906, pp. 206, 238, 241. 

' Ibid. No. 2, No. 3, No. 7, 1906, and November 2, 1907, p. 39I. 

* ** The aaMthetk and letfaal quantity of cUoralonD in the blood of animala," 
by G. A. Bodcmaster and J. A. Gardner, Proc, Biogfal Sec^ vol. btxviii. 1906. 
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accounted for by an excessive exit of chloroform from the blood 
into the tissues of the body, and especially the brain. On this 
fact Tissot lays particular stress. It is clear, assuming that the 
experimental data are beyond question, that the muse of death 
must be ascribed not to a gradual process b^'' which a slow, 
progressive toxic stage is reached, but to a somewiiat sudden 
change, due to a rush of chloroform from the blood into the 
body cells ; and if this occurs, it will become necessary for us to 
modify our entire views as to the whole process of anaesthetisa- 
tion : for other experimental evidence, some of which has been 
already given, indicates that, with a definite pressure of chloro- 
form in the blood, a definite constant effect is e xcrit d upon the 
cells of the body. These cannot and do not take up indefinite 
quantities of chloroform ; they take it up in response to a 
definite solution pressure which exists in the circulating liquids 
of the body. This remarkable drop in the chlui oforra-content of 
the blood we have not observed, though, in view of Tissot's work, 
the possibility that it might occur was especially considered. 

The method pursued by Buckmaster and Gardner in their 
experiments was as follows: In all cases the percentage of 
chloroform vapour in the inspired air was determined for each 
separate experiment. The amount of chloroform in the blood 
was estimated by the difference in chlorine^ntent of the blood 
before the administration of chloroform, and again at any sub- 
sequent period from the time when the chloroform-and-air 
mixture jwas inhaled. The destiny of inhaled chloroform is 
traced by its chlorine, and the blood during anaesthesia contains 
an excess of this element Numerous control experiments were 
made in order to ascertain whether the percentage of chlorine 
normally present in the blood of an animal remains sufficiently 
constant during a prolonged experiment. This was found to 
be the case when ether was the anaesthetic used. Small amounts 
of blood withdrawn from time to time during such an experi- 
ment were also found to in no way affect the percentage of 
normal chlorine in blood. The chlorine was estimated by the 
method of Carius, which is the one generally used for the deter- 
mination of iodine, chlorine, or bromine in organic compounds. 
A known weight of blood, about three to five grammes, is 
treated with nitric acid, and an excess of solid silver nitrate in 
a bomb tube heated to 200"" C, for six hours. The amt uiu of 
resulting silver chloride was then determined, and the ditierence 
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between the chlorine-content of the blood before and after 
anaesthetisation with chloroform was calculated, and this gave a 
figure which could be expressed as chloroform. The whole 
nietlmd is an entin ly i.ew one, and has never been employed 
by earlier observer- in exactness it is believed to be pretcrable 
to those methods where the determination is a volumetric one 
with an end point which depends upon a colour reaction. Most 
of these experiments have been carried out on cats, while other 
observers have generally carried out their investigations on 
dogs. The chief conclusions arrived at were that the aiiiuuut 
of chloroform in arterial blood at the moment u Inn onie 
detioitc reflex action disappears varies with different indi\ iduals. 
The same is true for the lethal amount in the blood ; but a 
consideration of all the experiments taken together shows that 
only a narrow margin exists between the weight of clik»rofonn 
in the blood at the moment of anaesthesia (loss of conjunctival 
reflexes) and the cessation of respiration (lethal amount). 

The above outlines the methods of investigation, and enables 
the conclusions to be represented in the following table : 



Observer. AnimaL ofCHq,. «fCHCI^ 



35 mg. 
41-70 mg. 

6o-ios» 



Grdhant and QuinquaiKL 1 . 

Poli]»i890. . • . M iS-$otqg. 

Nicloux, 1906 ... J, 50 M 

Tissot, igo6 . , . „ 34-4© „ 

J. Mansion and J. Tissot, \ / 29 „ 

1906. / * \ 32-43 « 

1906 / ** ^^^^^j^i^^- 61-69 mg. 

Buckmaster and Gardner, 1 _ . _^ 

*|atti i4-a7-smg.idi«Desjiiitgane 40 „ 

From these figures, which are in fair acrccment, especially 
for the lethal dose, it would seem that the quantity of chloroform 
required to produce various stages of anaesthesia are somewhat 
higher in dogs than in cats. The difference, however, is not 
great. The lethal point is fixed as that at which the respiration 
is of a convulsive type owing to the onset of asphyxia. 

The Rate of Assumption of Chloroform by the Blood 

It is a familiar fact that when chloroform is inhaled the 
respirations may rapidly diminish in depth and frequency, or 
even actually stop within a few minutes. In the case of cats 



Digitized by Google 



RESEARCHES ON CHLOROFORM ANiESTHESIA 643 



it is exceedingly rare not to see this effect on a respiratory 
tracing. Any individual animal may ezbibit this phenomenon 

, in different degrees, and cessation of respiration may be per- 

manent unless resort is had to some means of artificial respira- 
tion. Still more interesting is the fact that when the same 
animal is anestfaetised several times with the same per- 
centage of chloroform vapour, this condition, which may be 
considered to indicate the first danger point in chloroform 
anaesthesia, occurs at the same time» and presents a constant 
t3^e of impaired respiration. During this early period, in 
about two to three minutes after the administration of chloro- 
form has commenced, a veritable danger point exists, and an 

I elementary account of the physiology of this will be briefly 

described. 

Nicloux points out that during this pre-ansesthetic period 
the intake of chloroform is rapid even with a low percentage 
of chloroform in the inspired air. Thus, within three minutes, 
56 mgrs. per cent, an amount not much below the lethal 

quantity, were found in arterial blood when a somewhat large 

amount of the anaesthetic was supplied. Mansion and Tissot 
found that when a 4 per cent, chloroform-air mixture is inhaled, 
arterinl blood becomes slowly but steadily rhnrcred with chloro- 
form lint:! the content of the drug in the blood is almost 
identical with the amount of vapour which it can hold vitro. 
This is about 45 mgr. per 100 grammes of blood for an 
atmosphere containing 4 per cent, of chloroform (Tissot). After 
administration of this strength of chloroform, arterial blood 
contained the following amounts: 

After. . ilir.43111. ihr.som. 5hit.i5iii. 61in.56m. 8bfs.8im. 
Mgf«.CHC^ 37 yfs 3^ 4^*4 46*2 

In the experiments of Brodie and Widdows' the rate of 
absorption of chloroform during the introduction of anaesthesia 

was ascertained by allowing animals to inhale a known 
percentage strength of chloroform vapour, t 06-278 per cent. 
Both the volume of air expired during any interval of time 
and the percentage of chloroform in this were determined, 
the latter by the same method which Vernon Harcourt had 
adopted, which depended upon the combustion of chloroform 

* Srit, Mtd^J&unud, JvSf 14, 1906. 
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to hydrochloric acid. The chief new facts elicited by this 
work show, as might hnve been anticipated, that the rate at 
which chloroform is absorbed varies directly with the e.xtcnt 
to which the lungs are ventilated. The slow and shallow 
respirations which occur so early in chloroform anaes- 
thesia also stand in relation with a maximal retention of 
chloroform in the body, but how much of this is actually in 
the blood could not be stated. It is, liowevcr, abundantly clear 
that th< inmiiiiuin amount of chloroform in the expired air is 
found during the second minute, and from that period onwards 
the amount escaping from the body slowly rises. In a senes 
of experiments, each lasting ten minutes, it was also observed 
that the amount of chlorofonn absorbed increased with the con- 
centration of the drug in the inspired air, but the amount was 
not in proportion to the concentration. 

In the experiments of Buckmaster and Gaidner/ which were 
carried out on cats, small quantities of blood were withdrawn 
from time to time from an artery during the induction of anaes- 
thesia with known percentages of chloroform vapour and air. 
The determination of the quantity of chloroform in these samples, 
ten or twelve in each experiment, afforded the data from which 
curves could be constructed. In all of the curves the same 
general features were seea In the pre-ansesthetic period, or 
initial stages of anaesthesia, at a time when the individual is 
conscious, the chloroform-content of the blood rises with great 
rapidity to a value which approaches a maximum. During this 
period, which occupies the first few minutes, the first danger point 
in anaesthesia occurs, because the quantity of chloroform in the 
blood directly or mdirectly affects the respiratory nerve-centres 
of the brain. In consequence of the respirations being slower 
and shallower, the amount of chloroform in the blood falls, but 
the fall is also due to the exit of the drug from the blood into 
the tissue-cells of the body. When the p.niTTKil h:as passed this 
first ^ta£!;e the amount of chloroform again quickly rises towards 
a maximum value, and an equilibrium between the factors which 
determine the amount of chloroform in the blood appears to be 
obtained, the processes of intake and output of the anaesthetic 
at the surface of the lung going on side by side. In other 
words, a state of equilibrium is reached, which persists ior a 
considerable period, and throughout this period the difference 

' Proc, Royal Soc, B, vol. Ixxix. 1907. 
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between the amount of chloroform present in the blood and 
what is found at the lethal point is very minute. The state is 
far from one of safety, and the animal may suddenly die at any 
moment should any disturbing factors come into play. The 
whole of this period is a danger period. In the experiments 
quoted the percentage of inspired chloroform was maintained 
constant, but it is evident that the contention of those anaes- 
thetists who have insisted that after anaesthesia has been 
established this can be and should be maintained with a much 
smaller amount of chloroform \ apour, rests upon a sound basis. 

S|xice does not allow of more than a reference to the heart 
lailuic which may occur in chloroform narcosis. An inhibition 
of this organ to such an extent that no blood can be driven 
through its chambers, though the heart is still beating, may 
occur at the first danger pobkt of an^stiiesia; Particularly 
valuable work in connection with this has been carried out by 
Embley,^ Leonard Hill,* and by Brodte and Russell.* Studied 
from the point of view of a reflex action, the last observers 
have shown that a very dose relationship exists between the 
respiratory tract and those nerve-centres of the brain which 
control the heart-beat, the respuratory movements, and the bore 
of the small arteries in the body. The most sensitive surlace 
which, when stimulated, reflexly affect these centres is that of 
the lining of the nose, next the mucous lining of the larynx, 
and then the sur&ce of the lungs, which are poweiiiilly 
stimulated by vapours of chloroform, formaldehyde* and 
bromine. When the internal sur&ces of the trachea and 
bronchi are irritated no reflex of the type just described 
can be evoked. Stopping of the heart alone is very easily 
brought about as a reflex action by stimulating the pulmonary 
branches of the vagus. The experiments .of Embky have 
shown that for dogs the first danger point, cardiac inhibition, 
and consequent slowing of the respirations, can be entirely set 
aside by removal of the heart from the influence of the centres 
in the brain by cutting the tv. o vagi nerves along which the 
impulses which check or ai i e-l the heart normally pass. The 
effect of atropin, which cuts out the inhibitory influence of 
the vagus upon the heart, has been re-investigated by Schafer 

■ British Medical Journal, April 5, la, and 19^ 1902. 

» [bid., April 17, 1897, and December IQOO^ 
* Journal oj Fhysiology^ xxvi. 1900. 
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and Scharlieb,' who have sugt^ested its employment prior to 
chloroform anaesthesia. Eiiiblcy and F. J. Martin * have also 
demonstrated the toxic effect of chloroform upon the unstriped 
muscle in the walls of the blood-vessels. These dilate when 
perfused with blood charged with a small percentage of 
the drug. 

The FinicnoN of the Red Corpuscles in Chloroform 

ANiBSTHESiA 

Schmiedeberg was of opinion that llie red corpuscles were 
the chief vehicles in the transport of chloroform from the lungs. 
This was supported by Pohl's experiments, and Nicloux, who 
used centriiiigalised ozalated blood removed from a vein, 
recovered 64*4 per cent, of the chloroform in blood from the 
red corpuscles and 13*3 per cent from the plasma. His figures 
for the distribution of chloroform among the constituents of the 
blood are much below those of Pohl, who had stated that 
87-90 per cent of the total chloroform was held by the red 
corpuscles; in other words, the chloroform-holding power 
of the corpuscles is seven to eight times that of the plasma. 

Experiments undertaken by Buckmaster and Gardner, in 
order to ascertain how the anaesthetic distributes itself in the 
blood betweoi the corpuscles and plasma, proved to be 
exceptionally diflScult' The separation of the corpuscles was 
accomplished by centrifugalisii^ tubes of blood surroimded 
with ice, so as to hinder any clotting. Their conclusions, that 
chloroform is very firmly held by the blood of an anaesthetised 
animal, are in accord with all other observers. But it was also 
found that chloroform primarily associates itself with the red 
corpuscles and does not enter the plasma to any marked extent 
unless the anastthesia is pushed to an extreme degree, or a 
chloroform-and-air mixture is administered with a high per- 
centage of the drug. At the period when the reflexes disappeared 
the percentage of chloroform in the red corpuscles was found to 
be 64'3 per cent.; in nnother case yi'i percent., and after the 
inhalation of 2 per cent, chloroform for three quarters of an hour 
no less than 93*5 per cent of the anaesthetic was held by the 
red corpuscles. 

» Tr.!f!^■. Fny. Soc. of EdinburirJi, vol sOl P«rt 11. (No. la). 

* Journal of Physiology^ xxxiii. 1905. 

■ Proc, Royal Hoc.^ B., vol. Ixxix. 1907, p. 566. 
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Tn order to obtain additional proof that the red corpuscles, 
as would seera to be the case from the above experiments, are 
the essential vehicles for the carriage of chloroform, Buckmaster 
and Gardner argued that if the view was correct that the 
transport of chloroform was a function of the red corpuscles, 
then, though the absolute amount ol chlorotuiiii present in 
the blood might be modified by abstracting: or adding blood 
from or to an animal, the percentage of chioro/orm ought to 
remain constant. 

1 lit G:eneral plan of the experiments was tn anaesthetise an 
animal wiih tllicr or nitrous oxide, allow the anaesthetic to be 
disengaged from the body, and then administer a known per- 
ccnlage of chloroform. The deteriinnation of the amount of 
the drug in the blood was made at the asphyxial point. In 
one hour or an hour and a half all the ansesUietic was 
eliminated, and during this period a measured amount of 
blood was abstracted and the experiment repeated In other 
experiments the amount of chloroform present was determined 
in the same animal before haemorrhage, after hsemorrhage, and 
after the replacement of the blood which was {umished from 
another animal in such quantity as to augment the original 
volume of the blood by one-third to one-half. 

The general results of all the experiments will now be 
detailed. 

Avenge amount of 
CHClj per loo granunes of blood. 



fltate oociin«d in aboat 30 to }- 0*048 „ 0*051 
80 



} 

to > o*c 



Experiments in which the asphyxial 

state was rapidly reached, ill \ 0*043 0'045 mg* 

about 3 to 9 min. 
Esqwrimeats in wliich the aq^liyjdal 



Aftar After replacem«at 



Experiments made at the asphyxial y 0-0421 mg. 0*0426 mg. 
poinu / 0 0768 » 0 0768 „ 

From the above it would appear that the conclusion is 
justified thai ilie percentage of chloroluim in the blood does 
not undergo any vanaLion corresponding to differences in the 
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volume of the circulating blood, and this is what was to have 
been expected if the red corpuscles were the essential agents 
for the transport of chloroform. It may be considered in the 
highest degree probable that the anesthetic is associated with 
the proteins of the corpuscle, but the experiments naturally 
give no due as to whether it is the haemoglobin or other cell- 
proteins which actually pick up the drug. The earlier work 
of Hedin, Overton, G. W. Stewart, and Oker Blom, among 
others, on the permeability of the red corpuscles is of con- 
siderable importance in connection with the association of 
chloroform by the corpusdes. Stewart has pointed out that 
as far as certain electrolytes are concerned the permeability 
of the envelope alone, or of the whole disc, is dependent not 
on the life but on the structure of the corpuscles, for these, 
under a variety of conditions which are incompatible with life, 
and when the haemoglobin is converted into methaemoglobin, 
preserve their permeability to some substances, but remain 
relatively impermeable to the electrolytes of the plasma. 
Hedin's experiments have demonstrated that some substances, 
such as sugar or sodium chloride, are unable to penetrate the 
corpuscles, while substances like urea, ant ip} t in, and the 
narcotic urethane easily enter them. The group of aldehydes, 
ketones, and alcohols, many of which affect the organism like 
the better known anaesthetics, if added to blood are found to 
be so distributed that nearly all the added substance is found 
in the red corpuscles. The significance of such experiments 
is great, for it establishes the fact that alcohol, or a narcotic, 
like urethane, can, and actually does, enter the cells of the body. 



The Rate at which Chloroform is eliminated from the 

Blood after Anaesthesia 

All observers are agreed that after the supply of chloroform 
is stopped the anaesthetic rapidly leaves the body. Five 
minutes after anesthesia half the amount in the blood had 
disappeared ; 7 milligrammes were found three hours later, and 
by the seventh hour the blood became free from chloroform 
(Niclouz). Tissot suggests that a study of the amount of 
chloroform in arterial blood should be made during the 
induction of ansesthesia, but that determinations of the chloro- 
form-content of venous blood are necessary if we are rightly 
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to understand the rate at which it is eliminated. According 
to his experiments, the amount of the drug in venous blood 
constantly exceeds that in arterial during recovery from chloro- 
fonn narcosis. Expressed in other words, directly the adminis- 
tration of the anaesthetic ceases the cells of the body begin 
to discharge their associated chloroform, and with this their 
functions gradually become restored. The subjomed table 
from one of Tissot's papers is of interest : 



ArtffinalUood 
Venous blood 



Milligrammes of ^y^*^ grammes 




In our own experiments,' immediately the inhalation of 
chloroform stopped, a sample of blood was taken from an 
artery, and this was repeated at intervals, until half or three- 
quarters of an hour had elapsed. In other experiments venous 
blood taken close to the ii^ht ventricle of the heart was examined 
in the same way, while in a few experiments samples of arterial 
and venous blood were taken simultaneously. The main con- 
clusion which can be drawn from these experiments is that 
the rate of elimination of the drug from the body v0 the blood 
depends upon the physiological state of the individual animal 
The rate of loss is at first comparatively rapid, and subsequently 
becomes slower. But the initial rates of elimination are much 
less rapid than the initial rates of the intake of chloroform, 
and, on the whole, elimination is a much slower process than 
assumption, a view which is supported not only by the actual 
determinations of chloroform in Uie blood but by a comparison 
of the times at which the various reflexes disappear and reappear. 
From our curves the initial falls are not quite so rapid as the 
work of other observers had led us to suppose. The chloro- 
form-content of the blood was only reduced by 50 per cent 
in 15 to 20 minutes; three-quarters of the chloroform was 
eliminated in about half an hour. These statements hold good 
when the animal is breathing naturally, but, as might have 
been expected, the extent to which the lung is being ventilated 
during any period is the chief, if not the only, factor which 
determines the rate of elimination. Our experiments are in 

* BndcnMster tad Garcbuer, /Vvr. X^, Soe^ B., yoL Ixu. 1907. 
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agreement with Tissot's observations, that at the moment when 
chloroform inhalation stops arterial blood contains an excess 
of the drug when compared with venous blood, but the 
difference between the amount of chloroform in arterial and ^ 
venous blood after regular respiration is established is practically 
the same 

A sufficient and satisfactory explanation of the anaesthetic 
process probably cannot be given at present, but some con- 
ception of the anaesthetic state produced by the inhalation of 
chloroform vapour at about 2 per cent, may be attempted. It 
is true that data for this have been obtained by experiments 
on cats, but it is allowed that the phenomena shown by this 
animal during anaesthetisation closely resemble what is seen 
in man. The blood at first rapidly becomes changed with 
chlordTorm, which is held almost entirely by a protein or pro- 
teins of the red corpuscles. The respiratory centre or centres 
are at first stimulated, but these become aftected quite early, 
and then discharge pulses less frequently and less efficiently 
than in a normal animal. In tlie dog especially, and to a less 
extent apparently in the cat, this behaviour of the centre is * 
secondary to a weakening, or almost a cessation, ot the activity 
of the heart. From this inhibitory effect the heart escapes, 
somewhat easily in the cat compared with the dog. The con- 
dition just described occurs early, within the second to the fifth 
minute, and may be considered as the hrst danger point in 
anaesthesia. In consequence of the slow and shallow respira- 
tions, the percentage of • l loruiorm in the blood falls, either 
owing to a diminished intake of vapour or to the cells of the 
body storing up the dru^ at the expense of the blood, or because 
the Llinunation of the drug is as rapid, or more rapid, than the 
assumption. But the last cannot be the explanation, for the 
rate of elimination is by no means so rapid as is the assumption. 
The fall is, therefore, due largely to the disappearance of chloro- 
form into the cells of the body, whidi, in wtue of their proteins, 
are capable of forming loose diemicid combinations or aggrega- 
tions with the drug. The cells are, in consequence, poisoned in * 
^ -..^var^'ing degree. When the first danger point is safely passed, 
th^ respiratory movements improve in frequency and vigour, 
ancK this may be considered to represent a continuation of the 
initi^ stimulating effect of the drug, which was maslced by 
the oof^urrence of a danger point Thereafter the chloroform- 1 
\ 

\ 
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content of the blood quickly approximates to a maximal value, 
wbich is maintained until asphyxial convulsions occur. This 
may be termed the second danger period. The difference 
between the chloroform-content of the blood at the initial 
period, when the first danger point is reached, and also at the 
maximal value, when compared with the lethal amount, is very 
minute. The quantity of the drug in the blood governs the 
distribution of the anaesthetic which at first stimulates, and 
then finally paralyses certain cell districts of the body in 
definite order. Chloroform, therefore, though a toxic substance, 
does not produce its effects upon the organism by a cumulative 
action; these are not dependent upon the absolute quantity 
which is supplied, but upon the percentage-value of the drug 
in the blood stream. 



THE REFORM OF THE MEDICAL 
CURRICULUM (II) 

By PROFESSOR HBNRY E. ARMSTRONG 

Another act in the drama of medical education was recently 
played to a finish when the Senate of the University of London, 
at its November meetin<^, decided that it was unable to evolve a 
constructive scheme which would render possible the i!?e of the 
great gift offered for the estabHshment of a srhon] of preliminary 
medical studies at South KensiTigtun. Like the truth, jealousy 
has prevailed : London seems to be ever at the mercy of con- 
tending factions — natural result, perhaps, as she altogether 
lacks leadership. 

I am constrained therefore to continue the article on the 
reform of the medical curriculum which I contributed a little 
more than a year ago to this journal and which, meanwhile, has 
met with a rejoinder from Dr. Wade (No. 4, A})nl 1007). 

Dr. Wade and 1 arc obviously looking at things from 
different points of view : his being that we are living under 
almost ideal conditions, which cannot well be changed and 
which need not be changed ; mine that we are in a time of 
makeshift : that it is our duty to take stock of the dtuation, to 
mend our ways without delay. ThinioBg that all is for the 
best in the best of possible worlds, he would pursue a UtisseMh 
/aire policy. My desire is to see a new point of view introduced 
into the subject : it seems to me that it is useless to attempt to 
teach chemistry to medical students except as the study of 
function— the study of processes. Unless they can more or 
less understand the nature of the chemical processes which occur 
normally and under pathological conditions, as well as in some 
measure appreciate the alterations likely to be effected by 
changes in the conditions, they cannot possibly penetrate behind 
the veil which Nature at present draws in front of them. 

I believe medical opinion will be with me ; that many will agree 
with me that the prdiminary studies, as at present conducted, 
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afford neither systematic sdentific training nor proper technical 
training, the memory being merely loaded with a vast mass of 
uncorrelated facts, some of which, of course, are of interest and 
value : in the main, however, the time spent in acquiring them 
is ill spent, as a false direction is given to the mental acti- 
vities. To give an example— happening recently to mention 
Ckoksferol to a sharp young medical student now following the 
clinical course, I met with the pat reply—'* Oh yes, that is the 
stuff in Lanolin: a monatomic alcohol, crystallising in rhombic 
plates with a bit snipped out of one comer, which gives 
a fluorescent red coloration with Strong sulphuric acid.*' 
"Knowing that," said I, in amusement, "you must feel that 
there is nothing more to be learnt on the subject and that you 
are provided for life with information of inestimable value." 
** With information,'' said he, " sufficient probably to make the 
difference between passing or failing in the Second M.B." (at 
Cambridge). This illustrates, not inaptly, the present-day 
attitude, the kind of knowledge which it is thought is essential 
—and which is taught as essential. 

It is worth while to examine Dr. Wade's case somewhat in 
detail, in discussing ni}' qualifications to act as critic, he 
implies thnt I have taken an interest only in elementary school 
nfTairs :iiicl pictures me as a sort ot educational Rip van Winkle, 
returned to the scene of my early labours with rusted barrel 
and decayed stock, unable to divest myself of old memories — 
thinkins: only of medical education as it was in the days when 
I took some direct part in it : the days of blackboard diniDn- 
stration without practical illustration. I can scarcely thuik of 
myself as so entirely decadent. Like that contraption the Tar 
Baby, I may have worn the appearance of a mere scai ccrow in 
medical eyes. Brer W'ade forgets, however, that it is possible 10 
lie low with cj cs open ; like Brer Rabbit, to take notice of all 
kinds o' persons, keeping the old woman at hand watching the 
kettle on the fire, in readiness when the time comes to pour 
down the " bilin " mter on Brer Wade and his Mends, practice 
having been gained meanwhile by spilling some of it on school- 
masters' heads. 

Feeling as I always have and still do that a solid foundation 
Is the first requisite, I have done my best to promote the in- 
troduction into schools of teaching calculated to develop some 
understanding of scientific method Some little progress has 

4J» 
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been made and in the last years of the old University of London, 
partly perhaps owing to my representations, some pressure was 
being brought to bear on the schoob to make such teaching 
rational and eflfective. One of the first acts of the newly con- 
stituted University'-one of its most retrograde and unforgiv- 
able acts — was to undo the good work of its predecessor 
The protests made by those of us who had experience of the 
value of the system under which some knowledge of science 
was required of all at Matriculation were unheeded; we were 
advisedly excluded from all Committees dealing with such 
matters, and freedom to neglect their duty was conferred upon 
the schools preparing candidates for matriculation. Freedom, 
we all admit, is good in the abstract— but freedom is easily 
abused by those who are not ripe to enjoy it : for the most part, 
the schools were incapable of running alone— they were and 
still are in need of guidance. 

Men like Dr, Wade apparently do not realise the truth of the 
adage that there are more ways of killing a pig than sticking it— 
that it is policy sometimes in hunting to approach your quarry 
in indirect ways — that there may easily be more haste and less 
speed — that it is well sometimes to play a waiting game, to 
exercise purpose silently. His present experience as a teacher 
of medical students is not very much greater than mine was 
when I gave up such work; since then I have been steadily 
engaged, I regret to say during five-and-twenty years, in 
educational research work — constantlv making experiments, 
constantly thinking over and discussmg the problems of 
education. My wits have been sharpened the more in that I 
have enjoyed an opportunity wliicli has fallen, 1 ihnik, to no 
otiier teacher of chemistry quite in the same degree — ihat of 
developing courses for aiid ministering to the wants of large 
special classes of students not destined to follow a chemical 
career, engineers mostly, first at the Finsbury Technical 
College, then at the Central Technical College. This more 
than anything else has led me to appreciate the possibility of 
teaching a subject in relation to its technical uses. I venture 
therefore to suggest that Rip has been active in retirement, 
not asleep ; that he is down from the mountains by no means 
unfit for the fray. 

And in other ways the course events have taken has been 
such as to impress me with a sense of the gravity of the 
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situation. But a few months after I commenced to breathe an 
atmosphere of apomorphine ^ at St. Bartholomew's Hospital 
Medical School in 1870, my chief Matthiessen came to an 
untimely end. I discovered him, one afternoon, asleep for ever, 
in his armchair : my first experience of real life — in itself an 
event lu make a young man think. Had he lived, Barl;> nn^lit 
well have been made the centre of research on alkaloids and 
their use in medicine, a centre of inspiration — as he was a 
man of indomitable energy, full of scientific enthusiasm, with 
an extraordinary faculty of choosing workers and making them 
work ; he had too the gift of insight and was interested in 
things organic and inot|;anic; in fact, he was a complete chemist 
in feeling: one who could determine electrical conductivities 
without lapsing into ionomania and who jvould have set his face 
against unreal, pret^tious talk on the subject. His work on 
narcotine with Carey Foster and Alder Wright practically laid 
the foundations of alkaloidal chemistry. Whenever a chance 
comes to us in this country, however, we seem to let it lapse : 
lack of scientific training and of the scientific spirit has led the 
medical profession to overlook the advantages accruing from 
systematic research work, and the development of a narrow 
humanitarian spirit among the public now threatens to put a 
complete stop to such work in medical schools, as the hospitals 
are held to exist solely for the cure of poor patients : the 
number of persons, poor and rich, is in no way thought of who 
die lingering deaths because of our neglect to carry on 
systematic inquiry in directions likely to be of benefit to 
medicine. The chance once in the hands of Barts, thoughtlessly 
sacrificed, will not soon occur again, 1 fear. 

In my former article, 1 spoke of a just feeling among medical 
men " that the present course in chemistry is a totally unfit 
preparation for medical practice " — and added : " this is the 
feeling we have to meet and provide for." Dr. Wade notwith- 
standinc:, I still affirm this to be the case, and I have reason to 
think that the teaching of other preliminary subjects is more 
or less open to similar criticism. 

He has represented me as having made "an attack" on the 
curriculum of the University of London — in reality, my remarks 

' Apotnorphine was tiien under investigatioa and was in the air in more senses 

than one. 
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were of general application, the condition of schools outside 
London being at least as unsatisfactory as that of those in 
London, 

I have led the reader who is unacquainted with the subject 
to believe, it appears, that medical education has remained 
unaifected by the rapid march of science during the past fifty 
years — actually I drew attention to the many improvements 
effected even during my time. 

My remarks, Dr. Wade considers, might lead readers to 
believe that our whole system is radically wrong— they were 
intended to have that effect 

That the issue will be fraught with disaster unless the 
curriculum is remodelled, I have no doubt : it is already, in fact 
Men are dying on every side owing to our inability to apply 
chemical knowledge to the interpretation of disease. Suc^ 
homicide, however unwilful, must none the less come to be 
regarded as unjustifiable, if a consequence of ignorance which 
it is in our power to overcome. And it is in our power to 
overcome it, at least partially. 

A stem duty may also lie before medical men for which 
they will have to be prepared. Many are living whose existence 
perhaps is a matter of extreme danger to the State, as the 
perpetuation of their kind may be expected to have the most 
serious consequences. The problems of heredity need con- 
sideration from this point of view ; unless medical men can 
undertake their study and act as advisers of the public, society 
will not receive that protection which sooner or later it will 
come to expect from the medical profession. 

Although surgeons have advanced their practice by leaps 
and bounds, that of medical men has ahuost stood still : the great 
improvements — such as the treatment of rabies and diphtheria by 
appropi iate antitoxins and the various new potent drugs, not 
forgetting lurnbar anaesthetics — are due to chemists. The fact 
is the medical man is not sufficiently versed in scientific method 
to undei t:ikr the diagnosis of the obscure phenomena of chemical 
change in the complex material which constitutes the human 
body. He understands but few simple clicmical changes 
occurring in test tubes — the complexities of change under vital 
conditions are entirely beyond his ken and grasp. 

The case is well stated by Archdall Reid in the following 
passage (The Prmc^ies of N^ndiiy, 2nd ed. 325) : 
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The princip^ nim of that part of formal education which is not specially 
intended to supply the individual with useful knowledge should be to develop his 
teflective powers. Much sdentific teaching as pi^ctised at present does not fulfil 
this condition. For example, the medical piotenoii indndes die largest number 
of scientific men in the v, orld. From first to last during his career the medical 
student is loaded with a monstrous and ever-increasing burden of facts, but no 
systematic effort is made to i n cr ea s e the acuteness and range of his thinking 
processes. Agreetdeel oftiiebtinlen onhis meiaoiy is neceasaxy ; bat not sD of it. 
Thus since he treats the ailments of an animal, man, largely by means o£ vegetable 
drugs, he is taught botany and zoology. In botany he learns such thing's as the 
peculiarities which dbtingubh various natural orders of plants from other natural 
orders. In loology he acquires a more or less elaborate knowledge of the structure 
of certain types of antoials — the vascular system of the aea-orchin, the mgaas of 
generation of the earthworm, the skeleton of the frog, the bones of the cod*8 liOAd, 
the dentition of the different species of mammals and so forth. Rut no man is a 
better physician for knowing the difference between a raceme and a rhizome, nor 
a bettor turfeon because be has studied the anatomy of the cododiafer. Hia 
snbseqneot experiences do not link up with these fragments of knowledge which, 
though necessary to the equipment of the professional botani^^t and naturalist, arc 
so remote from the labours and interests of the medical career that presently tliey 
are foi^otten. In tlie end the average doctor has a knowledge of botany and 
soology not modi more prafoond nor ueefol intellectnany than that possessed by 
the average iiumer or stockbreeder. Either he should be otherwise employed 
during his earlier studies or his later work should be so modified as to link up with 
them. Facts, scientific or other, have by themselves no intellectual or scieutiBc 
vahie. It is the reoognitio o of the relalkmship between Ihctt in a natural group 
and between different groups that confers the value. No dooiit medical students, 
in proportion to their intelligence, gf^A a general nnticTi of the essential likenesses, 
which, amid distinguishing ditierences, bind together all living nature, i n this 
result, if it be the one sought, is attainable by direct teaching at a hundredth part 
of the cost in time and labour. 

It is the misfortune of the public as well as of the medical 
tiiat he is placed in this position. And to him bcfoie all 
uthcib it is of importance to remove the disability from which 
his profession undoubtedly suffers. He can help more than 
most if be care to act — as there can be little doubt that the 
puUic would be advised by him. The clergy no longer count 
in education— as a body they have ceased to take an interest in 
the sufag'ect, and their interests are thought to be so opposed to 
those of the modem scientific school that they are not likely 
to intervene on behalf of training the value of which they 
are entirely unable to appreciate. It is the more important, 
therefore^ that medical men should recover the position they 
formerly held in common with the cLergy, as men of culture. 

In defending myself against the charge of being asleep — as 
Dr. Wade suggests that my allegations are vitiated by inability 
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to divest myself of old memories — I may not unfairly point out, 
perhaps, that niy critic is not ^et awake to possibilities which 
I seem to see clearly. His conservative attitude is in itself 
proof that he is scarcely qualified to enter on a discussion such 
as we are now engaged in. His connection with the subject 
of medical training arises rather from his being in a medical 
school than of it. Apart from his obvious lack of feeling on the 
physiological side, in common with so many other chemists he 
in no w^ay realises apparently how vast is the change which has 
come over chemistry within recent years, making it possible to 
teach the subject far more effectively than formerly. Herein 
lies the difficulty. Our brains are addled by the constantly 
increasing load with which we weight ourselves. Very few 
can see their way out of the wood for the trees. We do not 
even know how to use books effectively and insist on our 
students learning off ever^ thing by heart instead of teaching 
them to understand principles and economise effort by re- 
ferring to their books for detailed information when occasion 
arises. 

Dr. Wade argues that the teaching is enormously improved 
Formerly, he says, the scientific spirit was absolutely d^troyed 
by blackboard demonstrations without experimental illustra- 
tions and no opportunity was given to the student of verifying 
his teachers' statements: it is quite otherwise now. Is it? 
Does the average student gain much from seeing a few prac- 
tical demonstrations in the course of a lecture or from preparing 
a few substances in the laboratory ? I doubt it. The intelligent 
man in the old days learnt from lectures practically as much of 
things essential as the intelligent man does in these days : then 
as now far too much attention was paid to mere fact know- 
ledge, to the kind of fact which comes into prominence, for 
example, in Dr. Wade's own book — of its kind, a very 
admirable one— or as illustrated above by the reference of 
my young student friend to cholesterol. The one real improve- 
ment in the course is the introduction of simple quantitative 
laboratory work, such as I pleaded for in my B.A. address in 
1885 — conceptions are establishtcl in the mind of the student 
by such work which are invaluable. 

Instead of dealing with irrelevant matter, says Dr. Wade, 
the proximate constituents of the food, degradation products 
of the body, urea, etc, are considered. The same were dealt 
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with in my day. The question is — How are they dealt with — 
any more usefully than formerly? I doubt it. Murder will 
out, and out it comes when Dr. Wade tells us that "Chemistry^ 
for medical students hears precisely the same relation to phy- 
siology and pathology as anatomy does, the chemist dealing 
with the nature and relation of the materials and the anatomist 
with the nature and relation of the structures the function of 
which, in both cases, it is the part of the physiologist to inves- 
tigate." Chemistry as thus defined by Dr. Wade is a kind of 
d^-bones business— and so it usually is; the chemistry the 
medical man needs, however, is not for the most part anatomical 
but functional : physiology, therefore, in a large measure, over- 
laps it This is what Wade and his friends do not see — 
but they must come to recognise it, sooner or later. 

Students, in his laboratory, says Dr. Wade, dissect chemically 
and, where possible, reconstruct artificially, compounds such 
as urea. Suppose they do — how much better off are they? 
As ordinarily conducted, the exercise is an almost worthless 
one, m my opinion. And from a medical point of view, 
it doesn't really matter what urea is : a harmless waste 
product, containing oxygen and nitrogen in their lamest form, 
its importance is generally much overestimated in chemical 
circles, just as we now have reason to suppose it was by 
Fick and Wislicenus, who spent much unnecessary effort on the 
Faulhom in worship of its supposed functional significance. 
The student does not really dissect it when he gets ammonia, 
etc., from it any more than an anatomist dissects a bone when 
he gets calcium phosphate from it; probably, moreover, urea 
is not what he is commonly taught to suppose it ia-<ariamide. 
Long absorbing conversations which I had with Peter Griess— 
the prince of nitrogen chemists^in days of yore rise in my 
memory when I write this : he would not listen to its being 
called carbamide. 

The really important problems centring aroimd urea are 
not taught— the wonderiiil inter-relationship of the dosely 
allied forms of the compound CONtH*; the condition of 
equilibrium in which urea, carbamide and ammonium cyanate 
subsist in solution: although probably of high physiological 
importance, these subjects are considered to be Dsr too difficult 
for the medical student to tackle; really they are the points 
which he should be led to study very thoroughly. From the 
medical point of view, the substances which accompany urea 
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in urine in fluctuating proportions are far the more important 
— OS they are often of diagnostic value. 

Tf those to whom I am addressing myself scarcel}^ grasp 
the torce of this argument, they will nevertheless; see, assuming 
my contention to be correct, that the suggestion that chemistry 
is taught in medical sehools in an unsympathetic manner cannot 
be so far from the truth after all ! 

Dr. Wade altogether objects to the proposition that we 
might well give some consideration in the first instance to 
complex cases, such as the processes of digestion, for example. 
From the objection he makes, it is clear that he in no way 
appreciates the marvellous advance made in this field of late 
years. Knowing as we do now the fundamental importance 
of enzymie action both in up-grade and down-grade processes, 
it is cledi ly our dut} to make this a primary subject of study. 
Colloid substances also invite special attention and such simple 
substances as water, which now is scarcely considered, although 
physiologically perhaps the most important constituent of the 
body ; what is taught about it-"its composition, etc— Is worth- 
less for all practical purposes. 

According to Dr. Wade, present-day examinations in 
science are very different from and better than those held 
when I taught medical students. They are absolutely the 
same, ezcept—and the improvement is a real one— that simple 
quantitative exercises have been introduced into the practical 
diemistry examinations. When I contrast the questions set 
last year with those set twenty-five years ago, I find no 
difference: the same stock academic riddles are propounded 
year after year. At no time have the questions had any real 
bearing on the problems which face the medical man; those 
set during the past year or two are as futile as those which I 
assisted in setting in the early 'nineties, although meanwhile, 
as already pointed out, there has been a vast development of 
knowledge. 

The main lines on which chemical change proceeds having 
been made clear to us, there is no question that it is now 
possible to teach a chemistry which should give e3'es to the 
medical man and enable him gradually to pierce the gloom 
which still enshrouds the subtler changes: 1 therefore contend 
that we are much behind the times. 

Dr. ,Wade not only says that chemistry is now taught (in 
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the London Medical Schools) with direct reference to its 
scientific application in physiology and medicine, bnt that the 
curriculum laid down for medical students has been specially 
constructed and, except in the purely elementary parts, is 
essentially different from that laid down for chemical students. 
Let us see if this be so. I take the following first year's 
course of study from the Regulations (issued in September 1907) 
in the Faculty of Medicine for Internal Students: 

//< 0 ) -gavi ic Clieniistfy 

The Curriculum la Chemistry shall consist of not less than sixty Lectures and 
one hundred and twenty haattf Practical Work in the course of an Academic 
Yeftr. The Syllabus is as iUlows : 

L— For Lectures 

innsbatioDS and examplei of dieiiiical actiaa. Sobition, crystaltsttioo, dii- 
tiUation, sabUmatkm, pcedpitatkm. M iztnies and single substances, sepantion 

and decomposition. 

Gaseous and liquid diffusion. 

Indestruciibiiity of matter. £lemenu and compounds. Laws and condition 
of chenucal action* 

The atomic theory. The determination of molecular weights, equivalents 
and atomic wei^ts. Valency and stntctuial fonnube. E^natkma. Chemical 

calculations. 

Cb»stfication of the dementS| including the periodic system. Syndietiad 
production of compounds from their dements. The gmeial chMftCttfs of the 
chief types of compounds* Adds, bases and salts. Chemical no m endatme and 

terminology. 

The principles of gravimetric and volumetric analysis. 

Prodnctioo and iMroperties of the more important and typical elements and of 

their most familiar compoimds. 

The chara' ter of chemical changes, including the study of simple exothermic 
and endothermic reactions, thermal dissociation, electrolysis, catalysis, mass-action 
and rates of reaction ; the conditions "tAofStk determine and tnHuenoe such dmoges 
and the attendant phenomena. Osmotic pressure. 

The above to be illustrated by a detailed consideration of the following : 

OxYi^rn. .Yitroj^erty Hydrogen. — Chcmiral nature of the atmosphere; com- 
position and properties of water ; natural waters ; the oxides of nitrogen ; nitrites 
and nitrates ; anmionia, ammoninm salts, b ydi o t y lamine ; hydrogen peroxide, onne. 

Carbon— lis oxides, carbonates ; relation of Carbon dionde to animal and 
plant life; carbon disulphidc ; coal and coal-gas ; combustion; nature of flame; 
cyanogen, hydrocyanic acid and the metallic cyanides. 

Fhiotimt C/Uorittef Bramim^ laiUnt^'^'ttmi compounds witii hydrogen ; oxides 
of chlorine, hypochlorites, hypobromites, chlorates, iodates. 

Sulphur and Pho<iphorus. — Their compounds with oxygen niH hydrogen ; 
chlorides of phosphorus; sulphides, sulphate sulphites^ sodium thiosulphate ; 
phosphates. 

B9rm tmd Sakm.—'ththr oxides; boric add and borax; silicon flttoride; 
nature of glass. 
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Occurrence in nature, sources and preparation of the following metals and 
their principal compounds, omitting metallurgical processes : lithium, sodium, 
potaaaltim; calchmi, strantiimi, barium, ttagneriuin, zinci cadmimn; copper, 
«lver, mercury ; irod, aluniinium, chronuam j manganete } tead, tm ; ancnk, 
antimony, bismuth. 

(N.B.— The whole subject will be treated in an elementary manner.) 

Practical Work 

The Course mufltbe such as will enable Students— 

(tf) To prepare and demonstrate the properties of common metallic and non- 
metallic substances and to purify them by precipitation, crystallisation or 
diatUlation^ 

{i) To petform accurately the folloiriiig simple quantitative operations : the 

determination of the equivalents of copper by reduction of its oxide and 
of copj>er, tin and zinc by oxidation ; alkalimetry and acidimetry : the 
estimation of chlorides gravimetrically and by titration with silver narate ; 
and detwrminatioiu involving simple applicatkms of the permanganate and 
iodine thiosulphate processes. 

(tf) To identify by simple tests the common elements and their more familiar 
compounds, including mixtures which may contain not more than one 
acid and two metab belonging to diflferent analytical groups. 

(d} To write out a clear account of thmr practical worlc^ accurately describing 
the nature of the processes employed and, where possiUe, representing 
by equations the chemical changes involved* 

To my thinking, the course here laid down is an ordinary, 
thoroughly old-fashioned and conventional preliminary course 
of inoTganic chemistry. There is not a single word to indicate 
any connection with either physiology or medicine. It scarcely 
differs from the 1890 scheme, except in the practical part» a and 
h in this being new : (b) is admirable in principle : the improve- 
ment in teaching, to which Dr. Wade refers, in my opinion is 
due to its introduction ; what (a) may or may not mean it is 
difficult to say. 

The current scheme for chemistry in the Faculty of 
Engineering is as follows : 

The methods which lead lo the ^scoveiy of the composition of common 

materials occurring in nature. 

The determination of molecular weights, equivalents and of atomic weights* 
Valency and structural fonnulse. 

Classification of the elements, indnding the Periodic Sdieme. 
- General < h n icters of ^ diief types of compounds, including acids, bases and 
salts and a few prominent carbon compounds, especially as illustrating the 
relations of properties to composition and structure. No distinction will be 
admitted between Organic and Inorganic Chemistry. 

History, production and properties of the more important and typical elements 
and their most lunilar compounds. 

The chancter of c he mical changes, iododing combustion, thermal dissociation 
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and ekctrolysis ; the cQiMlition« wluch detenmne and influence them end the 
attendant phenomena. 

The idiole to be treated in an elementaiy manner. 

Tersel}^ worded as it is, this is infinitely superior to the 
medical scheme as a statement ; but it is essentially the same 
scheme ; not essentially different from the latter. The fusion 
of organic with inorganic chemistry, which Dr. Wade speaks 
of as having been tried with disastrous results, is treated^ 
it will be noticed, as an accomplished fact. 

Passing to the second year's course, we have the following : — 

The Curriatlttm in Org-anic Chemistry shall consist of not less thrtn sixty 
Lectures and sixty hours' Practical Work in the course of an Academic Year. 
The SyUabos it at Iblloirt : 

I. For Lecturxs 

I. Purification of solids and liquids. 

2 Analysis of organic compounds. Estimation of carbon, hydrogen, nitrogen, 

sulphur, phosphorus and the halogens. 

3. Empiikal aad moleciilar formute. Petennmation of molccalar weights* 
Students will be expected to know the general properties ef the fblhnring 

groups of coTDponnds, illustrated in each case by reference to a few of its more 

important members : 

AU^Iuaic Seriis 

Paraffins (espedaHy methane and ethane). 

Urfjnturnteri hydrocarbons (especially ethylene and acetylene). 

The difierent classes of alcohols and their derivatives (with special reference tO' 
methyl alcohol, ethyl alcohol, glycerol and mannitol). 

Aldehydes (with spedal reference to Ibnnaldehyde^ acetaldehyde and chloiat 
hydrate). 

Ketones ( with special reference to acetone). 

Acids (with special reference to formic, acetic, lactic, oxalit^ succinic, malic, 
tattaric and citric adds). 

The preparation and properties of the following derivatives Of aoetic add t 

acetyl chloH !c, nretic anhydride md nretamide. 

Simple ethers (with special reference to ethyl ether). 

Esters (with special reference to ethyl acetate and saponification). 

Anunes. Amido^dds; GlycooDiL 

Carbohydrates. Sugars (and more especially glneotc^ fructose^ kctoee,, 
maltose and cane-sugar). Starches. Ghicosides. 
Cyanides. Urea. Uric acid. 

Aromatic Series, 
Hydmcarbms : bensene^ tolnene and thdr simple derivatives. 
Snlphonic acids. 

Phenols (with special reference to phenol, catechol, hydroquinone and 
resorctnol)' 

Bensyl alcohol. B ens a ldehy de. 
Acids. Bensoic add. Salkylic add. 

Pyridine. 

(N.B.— The whole subject will be treated in an elementary manner.) 
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In 1890, the Organic Intermediate course was as follows : 

The composition, the properties and reactions and the more impoitant 
derivaliveB of the following sabsttaces : 

The principal series of HydrocafbODS (with Special tefeienoe to their daief 
Haloid and Nitro-derivatives). 

The £thylic series (with special reference to ethers, esters or ethereal salts, 
aldehydes, ketones and acids). 

Glycol Glycerine ; natural fats. 

Amylaceous and Saccharine sabstances. 

Vegetable acids. 

Benaene and Tohwae with the principal Fhenob and Ntaro^rivattves. 
Ammonias and the more important natnnd Alkaloids. 

Amide", Urea, Uric Acid. 

Cyanogen, Cyanides, Cyanates and Cyannrntr-s Clucosides. 
The processes of Saponification and 1' crmentation. 

The prindples mvolved tn Ultimate Oiganic Analysis and in die determination 
of Molecolar WeighL 

Again, the difference is merely nominal, except in the 
practical work, which is now slightly superior to the old pass 
but (inferior to the old honours examination, as this included 
the volumetric Pharmacopceia work. It is noticeable that hydro- 
lysis and fermentation could be examined on in 1890 but that the 
latter is now left out, although of infinite importance from a 
medical point of view. Evidence that the subject should be 
taught with direct reference to its scientific application in 
physiology and medicine can only be found in the entire 
absence of reference to this desirability. Indeed, with such 
syllabuses in operation, the authorities have no right to expect 
any special knowledge of medical applications from candidates — 
and the examination papers show that the examiners are either 
alive to this fact or are unable to deal with the medical aspects 
of the subject. 

In the true school of the tuture, teachers will not be restrained 
b}' stereotyped s^^llabuses ; they will teach what is necessary 
without reference to any narrowing schemes such as are now 
forced upon them by persons who have no proper understand- 
ing of the actual work. The syllabus is always a compromise 
and representative of mediocrity ; it never reaches the high-water 
mark of experience in a subject. 

It will be noted that the time prescribed for laboratory 
work in both years is only twice that to be devoted to lectures. 
Whethf r the time be sufficient or not need noi be considered; 
It IS cciLam, however, that long courses of lectures are now 
thoroughlydiscreditedasameans of giving elementary instruction. 
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Turning now to the consideration of the future, the task 
before us is clearly that of rendering our Universities efBcient 
as educational machines; at present, they are almost beneath 
contempt as such, owing to the lack of effective organisation — 
to the lack of true ideals and of active co-operation among their 
workers ; so much is this the case that they may be said to 
exemplify human frailty rather than human faculty. Taking- 
London as an example, the whole of the University organisation 
proper is practically worthless, except as a means of rctardmg 
progress: the only useful parts are the individual Schools; 
instead, however, of recognising the importance of these and 
facilitating, improving and harmonising their work, the Univer- 
sity machinery- is made use of mainly as a means of stultifying 
their eftbrts — the attempt being made persistently to reduce all 
to one dead level of uniformity. 

Dr. Wade is one of those who at the last senatorial election 
took a promuiciit part in depreciating the efforts that are being 
made to develop systems of training suitable to the times by 
allowing himself tu become an advocate of the policy of the 
Graduates Association. The professed object of this Association 
is to maintain a rigid, uniform system of examinations for so- 
called external and internal students alike ; and its professed 
policy is one «t antagonism to the teachers in the schools. Of 
course, the contention is that the agitation is on behalf of the 
maintenance of a pristine standard, which is painted as having 
been a very high one — ^but those who defend this position 
forget to inquire whether the standard may not have been 
merely one of difficulty rather than one of excellence ; they at 
least quietly, if not advisedly, ignore this possibility. Those 
who are behind the scenes know full well that excellence is not 
thought of The struggle is between two systems : the one being 
that of the Schools— in which the attempt is being made to 
develop practical methods of teaching, having practical ends in 
view ; the other being that of the Coaches— whose object is to 
secure the immediate success of their pupils at the examinations. 
The issue will be determined by public decision in favour of 
one system or the other: the public must determine whether 
its interests are best served by a system which, if properly 
administered, cannot but afford training likely to promote 
efficiency ; or by one which tends rather to the stultification of 
feu:ulty, its end being the immediate, always more or less faulty 
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solution of a series of Chinese puzzles having no relation to the 
requirements of Iife» not competency and skill in doing actual 
work. 

The University machine must be made sound in its working 
parts, if it is to run smoothly and effectively. 

"What's the good of Marcatoi's North Poles and Equators, 

Tropics. Zones and Meridian Lines?" 
So the Bellman would cry; and tlie crew woidd reply, 
''They are metely conventional signs !" 

And so it is with the Senates, Faculties, Boards of Studies and 
all other such institutions — for the most part, they are mere time- 
wasting contrivances; the Schools arc the one essential feature 
of the University organisation : if they are guided by true 
ideals and in honest hands, they may be counted on to do effective 
work — not otherwise : no mere ordinanros can help them ; 
suspicion of the teachers can only nullify tlieir efforts. 

To put the teaching of the preliminary medical suhjects on a 
sound basis in London, the first thing to do is to establish a 
limited number of special Schools. Whatever the present 
feeling of the various Institutions may be, however jealous they 
may be of one another, this step will necessarily be taken at 
no distant date. The public will demand it, as the only means 
of securing efficient teaching. The development of a suitable 
course of preliminary studies must be a matter of experiment — 
it must therefore be in the hands of an independent body of 
competent teachers : of a School free from interference and in- 
dependent of external control. If University privileges are to be 
attached to the Schools, they must be of a certain importance. 
I imagine that at most three such Schools are required and can 
be allowed in London. It is most unfortunate that a beginning 
was not made at South Kensington. 

My own personal experience — ^far from being of the ante- 
diluvian order painted by Dr. Wade — enables me to speak with 
some slight feeling on a proposition such as I advance above. 
When Prof Ayrton and 1 were appointed in 1879 by the City 
and Guilds of London Institute for the Advancement of 
Technical Education to start classes in temporary quarters at 
the Cowper Street Schools, Finsbury, I found plans already 
drawn for the erection of a separate chemical laboratory on an 
adjoining site. I at once urged that these should be set aside 
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and that a more comprehensive scheme should be developed, 
in order that students might receive the general training re- 
quired to fit them for industrial posts. Plans were elaborated 
by us with the assistance of Mr. £. C. Robins, an architect and 

a member of the governing body; later on, in conjunction with 
Profc Perry and Mr. Magnus (now Sir Philip Magnus), we 
drew up the scheme under which the Finsbury Technical 
College has been worked practically up to the present day. 
The passing of a simple examination was made a condition of 
entrance, from the beginning. 

We made it a fundamental condition that there should be no 
external control through examinations, feeling as we did that 
it would be impossible to develop suitable courses of instruction 
if the College were hampered by the necessity of following 
instructions laid down without any reference to the particular 
work to be accomplished. The Finsbury College has been a 
remarkable success ; the elimination of external examinations 
has in no way had the detrimental effect pictured by Dr. Wade 
(p. 639) — on the contrary. Unfortunately, all the Polyteclinics 
which came into existence subsequently elected to worship 
at the examinaLion shrine — in most cases their progress has 
been most seriously hampered by this circumstance. At the 
close of the Inaugural Lecture which Prof. Ayrton delivered at 
Finsbur}^ on November i, 1879, after refen uig to the wonderful 
development of the Japanese during the previous ten years, he 
pointed out that what the City Companies proposed to do was 
to give workmen that education which will enable them to 
commence doing what George Stephens<m, half a century ago> 
urged on them: '* Learn for youraelves, think for yourselves, 
make yourselves masters of principles, persevere, be industrious 
and then there will be no fear for you." 

The keynote of the work at Finsbury was struck in this 
passage. 

When in 1885 we passed to what is now the Central 
Technical College^ together with our colleagues we elaborated 
a scheme which was dominated by this same policy— again we 
were uncontrolled by external examinations. The success which 
has attended the College— the fact that it now ranks as the 
premier Engineering College in the country— is proof that such 
a system works well in practice. In point of fact, it would not 
have been possible, we believe, to achieve success under any 
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other less elastic system — the constant modification and im- 
provement of the courses which time has shown to be possible 
and desirable could not otherwise have been effected. The 
purpose W'ith which students work would have been altogether 
different : instead of concentrating- their attention on iheir work 
and acting uiiiii r the advice of their teachers, they would 
have constantly liad hi mind the possible requirements of the 
examiners and the nature of the Chinese puzzles they would 
be called upon to answer. Only those who have worked 
untrammelled by the cast-iron conditions of a rigid system of 
external examinations are aware of the terrible limitations which 
such a system imposes upon both teacher and taught 

In both schools, class examinations have always been held. 
Of late years, we have had the opportunity at Kensington of 
testing the effect of holding the examinations at the condusi^^n 
of the first year's course in conjunction with external examiners 
appointed by the University of London and of counting the 
examinations as the Intermediate examinations for the University 
degree. The examinations, however, have been strictly on the 
courses and the practical work done during the whole period of 
study has been tak^ into account, students being required to 
have done this as well as the written work satisfactorily. The 
effect has been altogether good — whereas formerly students 
would pay little attention to a subject which did not happen 
appear in the University syllabus and were liable to ne^ 
their work while preparing to solve examiners' riddles, 
now realise that it pays to give serious attention both to lec^^ 



and to laboratory work. 



,<be 



The teaching staff at the Ro3^al College of Science, the R| 
School of Mines and the Central Technical College 
considered the matter together and are unanimons in thinT'* 
that the method now applied to the Intermediate is the o?^ 
proper method to be applied in future to the degree exammatit 
(the B.Sc). X 

The report has been most sedulously propagated, for political 
purposes, by Dr. Wade's friends in Convocation that internal^ 
students pass the examinations without any effort, far more ^ 
easily than the external. 1 know the very reverse to be the ! 
case. It is now possible to insist on a high standard of 
practical work ; and it is possible also lu penalise the abomin- ^, 
able practice of cooking " results, which seems to be regarded V 
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with entire equanimity by most schoolboys. Under the present 
external system — although only a few fail to pass who are 
thoroughly- well trained and deserve to succeed, through bad 
luck in meeting with unfamiliar questions or nervousness — 
many get through who have no right to pass, being merely 
crammed for the occasion. 

The introduction of the internal system is, in my opinion, 
the one step of importance taken since the reconstitution of 
the University— and it was forced on the University by the 
Schools. 

In the course of a speech which he delivered last year» as 
Chainnan, at a dinner of the Graduates Association— which 
has been printed and widely circulated— the present Vice- 
Chancellor of the University said that the Association "agreed 
with Lord Derby in distrusting the teacher as the examiner 
for degree examinations and does not approve the adoption 
of degree examinations to fit the teaching of a particular 
college or Professor." Such a libellous aspersion of the teacher 
can only be met with the contempt it deserves — but the state- 
ment embodies popular doctrine and until teachers are held 
to be above such suspicion there can be little improvement of 
their position. The members of the Association who are 
YvL. teachers might well consider whether in thus casting doubt on 
<iev?the honesty of their class, the Chairman is renderinc^ them a 
poinservice — whether after all they are not catspaws in an agitation 
to gwhich has but commercial ends in view. The narrowness of 
comliberal opinion is too well known to require elucidation and 
urgthe general tendency to jump at conclusions is well known : 
mak>ut before giving vent to such utterance, the Vice-Chaiicellor 
andjTiight well have paused to consider whether he and his friends. 
Lord Derby included, have been in the possession of the 
pa- knowledge necessary to the formation of a valid opmion. 
Dr. W ade has described the teaching of my early days as 
"absolutely desLiuctive of the scientific spirit"— :is 1 had the 
privilege of numbering the Vice-Chancellor ainung my pupils, 
it may be that I am in part responsible for his lack of 
scientific acumen. But I cannot help thinking that the 
experience be has had since coming into office and the more 
intimate knowledge he has gained of the University under 
somewhat modernised conditions— far removed though these 

43 
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may be from what is desirable — will liavc convinced him that 
his dictum is now not of general application, even if he be not 
yet prepared to admit that it does not apply at all to true 
University teaching. I 

In the case of spedal schools such as I advocate, the teaching 
should be entirely under the control of the School, including 
the examinations on the course held in conjunction with 
qualified external examiners appointed by the University — 
whose part, however, should be that of sympathetic advisers 
rather than that of fault-finding critics. The condition of entry 
should also be determined by the School alone. It is to be 
hoped that, at no distant date, examinations such as the London 
Matriculation will come to an end, as being wholly bad in 
their influence on the schools from which candidates are drawn : 
owing to the failure of the University to lay down proper 
Conditions and the lack of competent examiners, there is no real 
standard of excellence but only one of difficulty. 

The matriculation examination may be considered to be of 
value from two points of view — either as affording proof that 
the person who passes has received a sound education at school ; 
or as proof of fitness to enter on a course of University study. 
As at present conducted, it subserves neither purpose properly. 
It is well known that the requirements are not such as can 
be dn ectly met by schools and that it is necessary to prepare 
candidjites specially for the ordeal, a thoroughly demoralising 
proceeding. Moreover, those who have passed the examination, \ 
judging from my own experience, are in no way specially fitted ! 
to proceed to higher studies. During several years past I have 
each year had the opportui^ity of comparing the work done by a 
considerable number of students who have passed the London 
Matriculation with that done by at least an equal number who 
have not submitted themselves to this ordeal : allliough a I 
distinct difference has been noticeable between the two classes— 
inasmuch as the former have been more assiduous workers, less 
anxious to waste their time, being drilled in learning lessons — i 
one class has not been in an^' way better prepared than I 
tfte other to enter upon technical studies. The work done in 
prd^ration for the University examination has been in no way 
of special advantage to the students and has not had the effect 
of reMenng them more intelligent: both classes have been 
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equally incapable of using their own language effectively in 
writing accounts of their work, equally untrained in the use 
of books, equally lacking in manipulative skill. Indeed, the 
non-matriculated students, on the whole, have had freer minds 
and Jiroin this point of view have been better students. The 
impression I have gained is that the matriculation is of value 
only as a prouf of ability to pass an examination of a particular 
type — of the literary type ; in fact, the chief tendenc}'- of the 
examination appears to be to bring about the selection of a 
bookish type of student. I am persuaded that for all practical 
purposes a properly conducted College, entrance examination is 
both far superior to the matriculation and free from its unfair- 
ness—for many are denied access to the University degrees 
by failure at matriculation who are quite able to follow 
University courses of instruction with profit, improving vastly 
as they gain in experience. It is perfectly easy» in a college 
entrance examination, to judge which of the candidates are 
likely to be able to follow the courses; in the few uncertain 
cases, no doubt remains at the end of the first or second term 
of instruction and incapables are then easily weeded out. 

But the whole subject is full of diflSculty. At present we 
are but moving in a vicious circle. The work done in the 
schools is unsatisfactory as a preparation, in laying a suitable 
foundation, for the work to be done at the University; the 
Universities, however, exercise no proper influence on the 
schools, owing to the academic unpractical character of their 
entrance examinations. The two centres of activity need to be 
co-ordinated and to be brought into effective co-operation. The 
only way in which it appears probable that we may succeed 
in introducing the desired reforms is by linking up the 
secondary schools directly with the University school';, by 
leaving these latter to determine the conditions under which 
entry to their courses shall be accorded to scholars from 
secondary schools. But it will be desirable, as far as possible, 
to dispense with entrance examinations and to exact evidence 
of training instead The system in vogue in the Universities 
of the Middle-Wt st in the United States of America appears 
to be the one must deserving of trial. This involves the in- 
spiJLlion of the secondary schools by competent persons from the 
University schools and the admission forthwith at the University 
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of pupils from schools duly accredited as providing satisfactory 
instruction. If during a series of years the pupils from a 
particQlar school prove to be unsatis&ctcffy students, the school 
is struck off the list. A system of this kind would make it 
possible to bring about the necessary changes in our school 
system within a very few years — ^if they entered into the work 
in the right spirit, University teachers would be able to give 
advice and assistance to the teachers in the schools which would 
make it easy for them to improve their teaching. A new spirit 
of co-operation would be introduced which could not taH to 
have far-reaching consequences. No headquarters machinery 
will effect the object I have in view. 

Dr. Wade has spoken of the time devoted to preliminary 
medical studies, especially chemistry — he says, the work cannot 
be done in less time than is devoted to it at present and more 
it is impossible to give. The question is one for the future 
to decide. In my opinion— and I speak from considerable 
experience — ^it is undesirable to keep bo3rs and girls at school 
much beyond sixteen years of age, certainly not beyond 
seventeen ; after this age, they lapse into unsystematic if not 
irregiilnr habits and are subjected to a discipline unsuited to 
their years. All further education should be carried on at a 
place of higher education, under more elastic conditions than 
school affords and more in sight of the world; under conditions 
likely to develop independence of character and individuality. 
On the other hand, it is undesirable, as a rule, that a student 
should take up serious clinical work under hospital conditions 
before he is one- or two-and-twenty years of age — the strain is 
too severe for younger men and the necessary maturity of 
judgment is rarely developed at an earlier age. From sixteen 
or seventeen at latest to one- or two-and-twenty should be a 
period of sufficient length, under propei- conditions, lor the 
mastery of the various subjects comprised in the curriculum, 
short of the purely technical stage. More time could well be 
found for cfaonistry than is now given to the suliject and as 
the medical man is, in large measure, a practising chemist, it 
will come to be recognised, I believe, that he must acquire a 
sound working knowledge of the subject Let me add that 
I would make literary trainmg an important element in the 
curriculum 
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As to the teachers — Dr. Wade contends that chemistry must 

be in the hands of chemists. I agree. But the chemists must 
be physiologists. The chemistry to be taught will not be mere 
dry-bones chemistry — anatomical chemistry — but functional 
chemistry, physiological chemistry in the true sense of the term. 
Few among our present race of chemists are physiologists even 
in their own domain ; they are mostly mere anatomists. It will 
be necessary to educate a new t3'pe of teacher for the purposes 
of the medical schools — one who is in full sympathy with 
medical aims, able to appreciate the character of the probleivis 
with which he is faced— a physiological chemist, in fact; it will 
be necessary, on the other hand, to have physiology taught by 
chemical physiologists, men who have the same appreciation 
of chemistry that chemists will have of physiology. The one 
will have a mastery of the technique of chemistry, the other of 
the technique of physiology — both sympathising with each 
other's aims and objects more than either does at present. 

As to tlie state of knowledge of students entering the 
medical schools, I am quite at one with Dr* Wade that for 
some time to come it will be necessary to deal with the 
scientific subjects almost ab niiHo, But I am not inclined to 
adopt his laiss$9'fur$ policy as the policy of the future. I hold 
that it is the duty of the Universities to take the schools in 
hand without delay and force a sound policy on them. Of 
what use are Universities if they cannot control the cotirse of 
higher education— if they do not act as advisers of the public — 
if they do not promote the spread of new knowledge? The 
medical schools arc now practically all under the control of 
the Universities. Nothing would be easier than for the Univer- 
sities to say that after a certain date no one should enter a 
medical school who could not give evidence of having received 
sound training previously, during at least three years, in 
English and the elements of scientific method as applied both 
to the physical sciences and to biology. Assume that at first 

I many were rejected — parents would be so angrj- that they 
would bnng pressure to bear on the schools to reform their 

I ways. Some action is needed at the moment which will 
bring the schools into line with the tmies — we may be sure 
that the majority will not change their ways except under 
compulsion. 



Digitizec uy google 



674 



SCIENCE PROGRESS 



If the student be ignorant of scientific method on leaving 
school, he has not merely wasted precious years: what is far 
worse is that he has not been disciplined as an observer and 
ezperimentalist» as a logical thinker and worker; his mental 
faculties will have been stunted rather than developed. Unless 
the art and habit of inquiry be developed in the youthful mind 
from the earliest days onwardsi atr<^hy of the faculties inevitably 
sets in, a state of mental inertia being engendered from which 
it is very difficult to escape. The present S3rstem both at 
school and college is one from which the student receives the 
minimum of benefit — for the most part the trainings is not 
such as to develop scientific habits of mind. 

We can apply our knowledge to secure the improvement of 
appliances — Whence the marvellous advance of our civilisation 
during the past few decades ; we can apply it to the study of 
agricultural problems — to the improvement of plants and brute 

animals; seemingly, however, we cannot apply it to ourselves. 
The reason is plain. As Mr. Francis Galton tells us in his 
Inquiries info Human Faculty i 

Tha vart majority of persons of onr mce hM/t^ a natural tendenqr ft» ahrink 
fsom tiie veqMKisibility of thinking and atandingr atone ; they exalt the vex parity 

even when they know it to be the utterance of a mob of nobodies, into the vox Dei 
and they are willing slaves to tradition, authority and custom. The intellectual 
deficiencies corresponding to these moral flaws are shown by the rareness of free 
and <»rigina] llioiight as compared with the fteqaency and readiness wtdi vhidi 
men accept tiie opinions of those in authority as binding on their judgment; 
I shall endeavour to prove that the slavish aptitudes in man are a direct con- 
sequence of his gregarious nature, which itself is a result of the conditions both 
of his primeval barbarism and of the forms of his subsequent civilisation. My 
aigimient wiU be» tfiat gr^iarious brute animals possess a want of sdf-reliance in 
a marked degree ; that the conditions of the lives of these animals have made a 
want of self-reliance a necessity to them and that by the law of natural selertion 
the gregarious instincts and their accompanying slavish aptitudes have gradually 
become evolved. Then I shall argue that our remote ancestors have lived under 
pwrmllel conditions and that other causes peculiar to human society have acted up 
to the present day in the same direction and thnt we have inherited the gregarious 
instincts and slavish aptitudes which have been needed under past circumstances, 
although in our advancing civilisation they are becoming of mote harm than 
food to our race. 

If science is to be of any value to us, it should enable us to 
bring influences to bear to counteract the innate peculiarities 
which tend to diminish human efficiency. At present, education, 
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as a rule, has an effect opposite to that which we desire to 
produce. 

My proposals, it will be obvious, are far reaching. They in- 
volve, in London, the reorganisation of the University and the 
recognition of its Schools as dominant factors. All who are in 
the inner circle and who understand the working of the machine 
*— or rather its failure to work— are aware that it comprises in* 
compatible elements and interests : the recognised Schools, the 
evening schools or Polytechnics, the coaches and their following 
--the so-called external students. Our plain duty now is to 
reconstitute it as an effective organisation in which teaching can 
take place under conditions of maximum efficiency. 

The situation is dearly foreshadowed in the following 
luminous lines: 

"Tis a pitifiil tale," said the Bellman, whose face 

Had gnwtk loDgcv at •very wofd ; 
**But, now that you've stated the whole of your 

Move debate wonld be fimpiy absurd. 

"The rest of my speech" (he explained to his men) 
" You shall hear when I've leisure to speak it. 

But the Snark is at hand, let me tell you again t 
Tis your glorious doty to seek it t 

"To seek it with thimbles, to seek it with care; 

To puraoe it widi IbriEB and bope ; 
To threaten its life with a railway share ; 

To charm it with smiJes and soap 1 

* /nw Snari's a peculiar creature, that WOtti 

Be caughl in a l ontnwtiphicc '\cay. 
Do all thai you kn<rw and try all thai you dorii . 
a dumet mutt maUd Mlay/ 

"For England eaqpects— I forbear to proceed: 

Ht a nuudm tremendoitt but trite ; 
And you'd best be unpacking the things that you need 

To rig youxsehres out for the fight." 



THE BIO-CHEMISTRY OF ANIMALS 

AND PLANTS 

A COMPARATIVE STUDY.— I 

By O. ROSENHEIM, Ph.D. 
Lecturer oh Chemical Pkyuology, King's Cfitkgt, London 

Chemistry, at one time intimately connected with biology, 

drifted away from this science during the past century, mainly 
owing to the apparent exhaustion of its methods in their useful 
application to biological problems. Meanwhile the edifice of 
chemistry has been perfected to such a degree that chemists 
are again able to attack biological questions with the help of 
new experimental methods. In consequence it is being more 
and more recognised that the sharp separation of nnimal and 
vegetable biology has only been an artificial one and does not 
really exist. Formerl}' it was held that the plant alone possessed 
the power of building up organic substances, i.e. of s^^nthesis. 
The animal body, it was thought, had mamly the function of 
breaking down the substances supplied to it by the plant. The 
first sjmthesis taking place in the animal body was demonstrated 
by the classical work of Wohler in 1824, when he showed that 
benzoic acid in its passage through the body was linked up 
to glycine and excreted as hippuric acid. Many similar 
instances of synthetical processes uccuniug m llic animal 
body have since been found (to mention only the latest one, 
i.e. the synthesis of proteins from amino acidsX and although 
no doubt the synthetical power of the animal oiganism is less 
than that of the plant, we know now many biological processes 
which are common to both. 

The purpose of the following pages is to discuss in outline 
some of the progress made in this Grenzgebiet " (borderland) 
of bio-chemistry. 

The NrrROGENOus Cycle 

If we consider first the nitrogenous substances which play 

such an iftiportant rOle in the animal organism, it is evident that 

076 
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they occur there ia far latiger proportion than in the plant, 
whereas the latter contains a preponderance of carbohydrates 
and other substances which are free from nitrogen. Here we 
are at the outset confronted with a fundamental difference 
between animals and plants, which seems to find an explana- 
tion, if we consider that the nitrogen supply of plants (apart 
from atmospheric nitrogen) is not at all abundant, whilst on 
the other hand in the carbonic acid of the air, which by the 
aid of the energy of sunlight they are able to transform into 
carboh3'drates, plants possess :i seemingly inexhaustible supply 
of carbon. Nitrogen-free carbon conipc unds accordingly perform 
functions in the plants for which there is no analogy in the 
animal organism, e.g. cellulose, in the cell membrane. It can, 
however, be easily- demonstrated that a sufficient supply of 
niUogen is one of the essential factors for plant life, and that 
the protoplasm of the plant contains proteins as certainl}'- as 
does the protoplasm of an animal ; further, that the properties 
and behaviour of the vegetable proteins are very nearly allied 
to those of animal origin. 

It is a fascinating problem, which the comparative study of 
vegetable and animal biology has helped to solve, to investigate 
the great cycle of nitrogen in Nature. Here again we meet 
with another fundamentadly important difference of animal and 
vegetable metabolism. The animal organism relies as the only 
source for its protein anabolism either on protein itself or on 
its direct cleavage products. It is unable to form protein 
material from inoriganic compounds, nor does the animal cell 
possess the property of utilising other organic nitrogenous 
compounds, which have no direct relation to proteins. The 
animal organism, in short, depends entirely for its source of 
nitrogen on the vegetable world. 

The raw products available to the plant for the S3mthesis 
of proteins are, mainly, the free nitrogen of the atmosphere, 
ammonia salts, nitrates and nithtes in the soil and organic 
nitrogenous substances of various kinds which are furnished 
by the decomposition and decay of animals and plants, such 
as amides, amines, amino acids, and amino salts of organic 
acids. 

In the protein synthesis of the plant from these materials 
a most important role is played by bacteria, those micro- 
organisms which take an intermediate place between animals 
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and plants. The recognition of their importance is entirely 
the outcome of modem methods of investigation. This know- 
ledge is of recent origin, and a short consideration of the main 
changes produced in nature by bacterial activity is essential in 
order to understand the nitrogenous ^de. 

NUriJkaiiim.—As a final product of decay of plants or 
animals brought about by micro-organisms, the, nitrogenous 
substances fimnish mainly ammonia. This is transformed In 
the soil into nitric acid and nitrates, and enormous deposits 
of saltpetre have been formed in this way on the earth's surface 
under certain conditions. It was originally pointed out by 
Sir Humphry Davy that saltpetre is formed by the help of 
the oxygen of the air from the ammonia present in the soil, 
but the fact that this saltpetre formation, now usually called 
nitrification, is due to a biological process, carried out by the 
activity of microbes^ has only been demonstrated in recent 
times. It was not until 1890 that Winogradsky succeeded in 
producing pure cultures of these organisms. This achievement 
ofifered great difficulties until it was found that these organisms 
grow best in a completely inorganic medium. They are able 
to obtain all their necessary carbon and nitrogen from ammonium 
carbonate. This nitrification process is the work of several 
kinds of niicrobcs, one class called " nitrosomonas," oxidising 
ammonia to nitrites, and the other class, called " nitrobactcr," 
which oxidise intrites to nitrates. It has been shown that a 
large amount ot org-anic nitrogen is transformed into nitrates 
in the soil and thus it is made available for the building up 
of the protein material of vegetable protoplasm. This is used 
as f )i d for animals, and the largest amount of the protein- 
nilrogcn of food is excreted by them in the urine, as urea 
or uric acid, to be transformed, also by bacterial activity, 
into ammonia and finally in the soil into nitrates. 

Dffnirtjudiion. — Whilst the nitrogenous cycle would thus 
appear to be a relatively simple one, another very old 
observation seems to break its continuity. Long ago Dav^^ 
discovered that free nitrogen is formed in large quantities 
during the decomposition of organic substances. Towards the 
end of last century it was finally established that we have 
to deal here also with the work of microbes, which, how- 
ever, Work only in the absence of oxygen. This process 
is cal denitrification,'' and the oiganisms which are the 

i 
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cause of it reduce nitrates to nitrites and ammonia, and finally 
to free nitrogen. So active are some of them in pure cultures 
that the process of nitrogen evolution resembles an alcoholic 
fermentation and has been aptly termed " nitrate fermentation.*' 
There cannot be the slightest doubt that by this process there 
is continually set free on the surface of the earth an enormous 
quantity of nitrogen which is apparently lost to oiganic life. 

N'Fixation, — A solution of this apparent contradiction, 
although already foreseen by Berthelot, has finally been 
furnished and proved by the exact experimental work of 
Winogradsky. He succeeded in 1893 in isolating a bacillus, 
called by him Clostridium PasfrHrinnum, from the soil which 
is able to utilise directly the nitrogen of the air for building- 
up its protein substance. A large number of similar microbes, 
mainly anserobes, have subsequently been isolated by other 
workers. That the absorption of nitrogen by these organisms 
takes place in large quantities is proved by experiments on trial 
fields, and it has been calculated that about 30 kg. nitrogen per 
acre are made available yearly. 

This is, however, not the only way by wh ( h the atmo- 
spheric nitrogen is utilised by organic life.* It has long been 
accepted amongst farmers as a well-established fact that wheat 
grows better on fields on which previously leguminous plants 
such as clover had been grown. Biologists took no notice 
of this result of practical experience until quite recently. The 
whole process has now been completely cleared up, the work 
beginning with the careiiil investigations of Hellriegel in 1886. 
He was the first to establish accurately the &ct that leguminous 
plants possess the property of absorbing atmospheric nitrogen, 
and he showed the connection of this property with the 
formation of root nodules and the presence of bacteria. To 
Beijerinck (1S86) belongs the merit of having succeeded in 
Isolating these bacteria in pure cultures and showing that 
a baciUus» called by him B. radkkoiay enables the plant by a 
symbiotic process to absorb elementary nitrogen from the 
atmosphere and to make use of it for its growth. These 

* An allusion iniyht here be made to the successful modem methods of 
nhrogcQ fixation from the air by electro-chemical means ( c al ci um-cyan-amide, 
calctnm nitrate). As it has been stated that the saltpetre fidds of Chai win be 
exhansted within the next fifty yean, sach considentioas we eC practical 
importance. 
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observations have been extended by Nobbe, Hiltner> Frank, 
Moore^ and others* and showed that many strains of this 
bacillus exist and that a favourable influence on artificial 
infection is only noticed when cultures obtained from nearly 
related families are used, e^. bacteria from peas will produce 
nodule formation in peas, but not in robinia roots. It is also 
interesting to note that the Japanese Soja ki^ida very often 
does not grow nodules in European soil, but produces them 
when inoculated with Japanese soil. Nothing is known so far 
about the initial products formed by the bacteria from nitrogen, 
but it is assumed that proteins are finally produced which are 
made use of by the plant. 

Still another stage in the nitrogen cycle must be mentioned, 
since it helps us to understand the conditions of plant and 
animal life in sea-water. By the solvent agency of rain-water, 
soluble nitrogenous substances such as nitrates are drained 
out of the soil p.nd finally carried b^' rivers into the sea. An 
enormous imiount of nitrogen (Braiidl calculates it at 40,000,000 
gr. per annum) is thus lost to the dry land, and this is largely 
in excess of that mtrogLii removed from the sea in the same 
period in the form of food fishes and other animals. The 
question arises, how these large quantities of nitrogen are again 
returned to circulation, and in this direction the di?covery made 
by Baur in 1902 is of the greatest importance, l ie demonstrated 
the general occurrence of denitrifying bacteria in sea-water and 
mud. These continually throw again into circulation the 
nitrogen carried into the sea by the rivers, or which has 
accumulated there owing to the decay of plant or fish life. 
The discovery of the denitrifying bacteria in sea-water also 
helps us to solve another apparent contradiction. On the 
dry land the tropical and subtropical regions are more thickly 
populated by plant and animal life than the regions nearer the 
poles, whereas in the sea just the reverse is the case. In 
accordance with this the nitrogen content of southern wanner 
sea areas is smaller than that of northern colder ones. Now 
it has been shown that the development of the denitrifying 
bacteria stands in close relationship to temperature. Whilst 
at the temperature of the tropical seas (ss-ao**) the nitrogen 
evolution is most marked, the denitrifying bacteria are con- 

' For a complete list of the literature from Pliny to 1901, see £. Jsu:obitZt 
CttUrM,/. BaeL IL vol. vii. 1901, 783. 
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demncd to inactivity at the low temperatures of 4-15** of the 
notilicrn se?.s, nnd thus the nitrogenous materials are left 
available lor [jlaiit and subsequently for fish life.' 

We arc now able to finish the picture of the nitrogen cycle 
in Nature, and the following schematic drawing is left to speak 
for itself: 




The Symthesis of Proteih in Plants 

Moulds. — The statements that some fungi {Aspergillus and 
Penicilliuni varieties) are able to fix atmospheric nitrogen like 
certain bacteria have so far not been sulikiently established. 
Moulds and yeasts, however, are able to satisfy their nitrogen 
want b}' iTKikmi; use of ammonia saltb and nitrates. For yeasls, 
nitrates arc less suitable than for moulds. It has further been 
shown that the latter synthesise their protein material still 
better if simple amino acids are offered to them. For one of 
the commonest moulds, Aspergillus^ it was demonstrated by 

' For a detailed account of these and simikr prableiii^ tee J. Jobnatone, 
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Czapek and by Emmeiiing that the food value of the o-amino 
acids is superior to that of all other nitrogenous substances. 
Abderhalden and Rona proved subsequently that this mould 
builds up its protein in the same way, if grown on potassium 
nitrate, glycine, or glutaminic acid, and that the protein thus 
formed in the living organism remains constant in composition, 
i.e. furnishes identical cleavage products on hydrolysis. As an 
explanation for this interesting observation we must assume 
that the Aspergillus starts with the amino group in the buOding 
up of its protein. 

Ysasis,—PL subject of considerable biological interest and 
at the same time of practical value is the study of the nitro- 
genous metabolism of yeast To mention the name of *< fusel 
oir' in this connection seems to be going away from the 
subject, but it is not really so, for the intimate association of 
protein formation and ''fusel oil** has been made clear by 
the researches of F. Ehrlich, and these deserve to be referred 
to in some detail. 

Of the various by-products of the alcoholic fermentation 
of carbohydrates by yeast (such as glycerin, succinic acid, 
ethers, aldehydes, etc.), fusel oil is the least desirable from 
the distiller's point of view. It was discovered by Scheele 
in 1785, and was shown by Pasteur to consist of higher 
alcohols and especially two amylic alcohols. Its smell and 
taste are disagreeable, and the deleterious action of certain 
raw spirits has, although probabl}' without justification, been 
ascribed to it. The separation of fusel oil from ordinary 
ethyl alcohol was one of the difficulties of alcohol inanuf:ir- 
ture, v^'hich was finally solved by the perfection of fractional 
distillation, Witli the uitroduction of better methods, especially 
the use of pure yeast cultures, a distinct falling off in the 
quantity of fusel oil formed took place, whilst on the other 
hand the demand for this product for industrial processes 
rose to such an extent as to produce a scarcity in the world's 
markets. Am3'lic alcohol in the form of its ethers is now in 
great demand for the maauiacture of fruit essences, celluloid, 
and smokeless powders. While investigating the conditions 
ot fusel-oil formation, the view found most general accept- 
ance that its origin was due to a bacterial decomposition of 
sugar. The fact, however, that the tilcobols of fiisd oil 
possess a branched carbon-chain, and that the addition of the 
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so-called " fusel bacteria " did not increase the output of 
fusel oil in normal fermentation, soon dispo- r d of this idea 

To F. Khrlich belongs the credit of ha\ hil; discovered the 
exact conditions for the production of fusel oil, and its close 
connection with protein synthesis from amino acids in the 
growing yeast cell. The application of the results of modern 
researches on protein constitution, and the amino acids pro- 
duced by its cleavage, led him to this bulutioii. He discovered 
iso-leucine in molasses as well as in yeast, and as a constant 
proteolytic cleavage product of other proteins (fibrin, caseinogen), 
and this, together with the general occurrence of amino acids 
in plant juices and the similaiity in conbLilation of leucine to 
iso-amylic alcohol, led him to the view that amylic alcohol 
and its homologues are produced from amino acids by the 
agency of yeast itselt The conclusive proof for the correct- 
ness of this view was the discovery that the fermentation of 
these amino acids by means of pure yeast cultures occurs in 
the presence of sugar. In this way Ehrlicfa succeeded in 
obtaining iso>butyl alcohol from valine^ iso-amylic alcohol 
from leucine, and d-amylic alcohol, the only optically active 
constituent of fusel oil, from iso-leudne in quantities corre- 
sponding to the amount of amino add which he had added. 
Whibt the highest percentage of fusel oil of raw spirit was 
formerly 0*5 per cent, it is now possible by these means to 
increase it ten to twelve times. 

The formation of the higher alcohols from the amino acids 
admits of a very simple chemical explanation. With the 
addition of water a simultaneous splitting off of COa and 
NH| takes place, as expressed by the following formulae^: 



During the growth of the yeast cell these reactions probably 





fM4H9!ieakolMl. 
H . CH, . CHiOH -I- NH, 4> C0« 




^ C uymmctricBl cbHmb ttom. 
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take place by means of an enzymatic action, and the ammonia 
U directly used up for tlie formation of protein. The iusel-oil 
formation depends not only on the amount of amino acids, but 
also on the Idnd and quantity of other nitrogenous substances 
present In the presence of easily assimilated nitrogen, such as 
asparagine or ammonium salts, practically no fusel oil is formed. 
Ehrlich has also applied this process for the preparation of 
optically active amino acids from the racemic inactive com* 
pounds, one component only being transformed into the 
corresponding alcohol But not only is yeast able to use 
leucine and iso-leucine as a source of nitrogen for its protein 
formation, but also all the other o-amino acids, e.g. t3nrosine is 
converted into p-oxy-phenyl-ethyl alcohol, and phenyl-alanine 
furnishes phenyl-cthyl alcohol. The formation of this latter 
substance, which represents the largest bulk of the essential 
oil of roses, opens a new outlook for another branch of plant 
physiology, the formation of essential oils and their connection 
with proteins 

Carnivorous Plants, — ^Of great int crest is the existence of 
plants which secrete products analogous to the digestive juices 
of animals, and which are able to digest insects or proteins. 
This great group of carnivorous plants comprises Drosera, 
Pinguicula, and Utricula varieties, etc. The various kinds of 
Nepenthes act on a larger scale, catching and digesting insects 
by means of the liquid in their pitchers. It is still doubtful 
whether the action of these enzymes corresponds to that of 
pepsin or trypsin, although some recent preliminary experi- 
ments by Abderhalden and Terunchi make it probable that 
it is not of a trypsin nature. They found that the dipeptide 
glycyl-l-tyrosme is a very convenient substance to distinguish 
between pepsin and tiypsin, as it is not attacked by the 
former, but easily split into its components by the latter. 
The juice of Niptnikes has no appreciable action on this 
dipeptide. Recently Vines has succeeded in showing that an 
enzyme of the nature of erepsin occurs largely in plants and 
also to some extent in N^pmikes pitchers. This enzyme was 
originally discovered by Cohnheim in the intestinal mucous 
membrane^ and it was shown by Vernon to be generally present 
in all animal tissues. It has no action on proteins as such, but 
splits peptones, albumoses, and polypeptides into amino acids. 
One would expect that the carnivorous plants would be able to 
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use amino acids themselves or higher cleavage products for their 
protein synthesis. There has been very httle work done on the 
metabolism of carnivorous plants, and this point has not been 
investigated. That plant organisms exist which produce their 
protein from the higher cleavage products alone has, however, 
been made clear by the researches of Beijerinck, who proved 
that the alga living symbiotically with Phy^cia pamtkta requires 
peptones {ue, albumoses) for its normal growth. 

Higher Plants, — Relatively little is yet known about the 
protein synthesis in plants containing chlorophyll. The study 
of the processes occurring during germination has attracted 
many investigators, and has furnished most useful results. The 
ripe seeds nearly always contain a laige store of protein. As 
soon as germination begins great changes take place in cells. 
The proteins are decomposed by the action of proteolytic 
ferments, the existence of which, during germination, has been 
definitely proved. By the action of these ferments the higher 
cleavage products first obtained from the proteins are finally 
converted into simple amino acids, which are partly at least 
made use of at once by the growing plant. We may compare 
the process of germination with that occurring during digestion 
in the animal body. In both cases the complex food protein is 
first decomposed into simpler cleavage products, and it is from 
these that the organism reconstructs the protein matter of its 
protoplasm. A long series of amino acids, leucine, tyrosine, 
aspartic acid, glutaminic acid, arg-inine, lysine, histidine, etc., 
have been isolated from germinaimL; seeds. A peculiar occur- 
rence is the formation of asparagine and sometimes of glutanime, 
substances which have not been observed in any ailil'irial 
protein hydrolysis. I>y allowing seeds to germmate in the 
dark, i.e. under norip.al cnnditions, large amounts of these two 
substances may be pruduced. The significance of asparagine 
formation is not yet fully understood. Pfeffer has shown that 
the increase of the asparagine is coincident with the decrease uf 
carbohydrate formation in the absence of light, which stands in 
close relationship to the protein sj'nthesis, the absence of which 
entails an accumulation of amino acids. It is possible that 
asparagine represents a transition stage in the formation of 
other nitrogenous substances, or perhaps that it is connected 
with carbohydrate and fat formation. This view is confirmed 
by certain observations made upon tyrosine. This amino acid 

44 
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is produced in large amounts during the initial stages of the 
germination. By tlie action of a ferment, wliich can easily be 
localised, it is, however, very quickly converted into a nitrogen- 
free substance — homogentisinic acid. This same substance, by 
the way, is formed from tyrosine in the human body under 
certain abnormal conditions and excreted in the urine, giving 
rise to so-called alkaptonuria. 

After the exhaustion of the nitrogen supply from the seed, 
the plant depends for its nitrogenous foods on the nitrates and 
ammonia salts of the soil Those plant organs seem to be 
predestined to carry out the protein synthesis in the adult 
planti in ^hich carbohydrate formation is also most vigorous; 
and it was pointed out by Sachs in 1865 that the leaves perform 
the largest share of this work. Very Httle definite knowledge 
exists with regard to the actual processes. It is generally 
accepted now that the first substances formed are amino acids, 
and that by the linking of these together :into complex chains 
the proteins are ultimately produced. Light plays a most 
important part in the protein formation in leaves. Whilst 
leaves are unable to make use of free nitrogen, several obser- 
vations confirm the view that small amounts of ammonia 
are absorbed. The protein synthesis in leguminous plants, 
which takes place by the help of bacteria, has already been 
discussed (p. 679). 

Protein Synthesis in the Animal Organism 

Since Loewi's experiments, which showed that in animals 
weight, health, and nitrogenous equilibrium can be maintained 
for a considerable time by feeding them on the crystalline 
cleavage products of protein hydrolysis, the old view that 

the albumoses and peptones are absorbed as such has been 
steadil}^ losing ground. The belief is now general that the 
largest part of the ingested protein undergoes cleavage into 
its fundamental amino acids, and that the body exerts a 
selective power in building up its various proteins from these 
comparatively simple materials. Evidence is accumulating 
which confirms this view, and of the mnny researches in this 
direction, those of Abderhalden and his collaborators should 
be specially mentioiifd' 

• This question has been hilly discussed by F. G. Hopkins, SCIENCE PROGRESS, 
vol. i. 1906; I39r £U)d by E. P. Lathcart, ih'd. vol. ii. 1907, 76. 
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The Vegetable Proteins 

The preponderance of carbohydrates in plants explains the 
fact, shown in the history of plant physiology, that the general 
occurrence of nitrogen in plants has been recognised relatively 
late, and that the presence of proteins especially has been 
considered as an exceptional occurrence. 

Histoty. — From an historical point of view it is interesting 
to note that the earliest known vegetable protein was wheat 
gluten; this was isolated by Beccari in the eighteenth ceiiiui}^ 
Berzdias ezammed it at the beginning of last century and 
called it "vegetable glue" or vegetable casein" on account of 
its similarity to the corresponding animal substances. Braconnot 
isolated about the same time the proteins of peas and beans, 
which he called "legumin." Gay*Lussac subjected v^etable 
proteins to elementary analysis, and was the first to point 
out the general occurrence of proteins in seeds. But Liebig 
and his pupils were the real founders of the system which led 
to our modem knowledge of protein chemistry. He distin- 
guished between plant albumin (coagulated by heat, not 
precipitated by acids), plant casein (not coagulated by heat, 
not precipitated by acids), and plant fibrin. The view also 
originated from his laboratory that elementary analyses of 
proteins teach us very little about the nature of these substances 
and that more knowledge is obtained by the investigation of 
their hydrolytic cleavage products. The classical work of 
Ritthausen, published in 1872, was the outcome of the applica- 
tion of these methods to vegetable proteins. Ritthausen's work 
still remains of importance, although his methods have been 
superseded by the introduction of neutral salts for the pur- 
pose of isolation and separation of proteins. The names of 
Hoppe-Seyler, Weyl, Schmiedcbercr, must be mentioned in 
this connection. It was mainly Kuhne's pupil, Chittenden, 
and later Osborne, two American workers who applied the 
method of fractional salt precipitation to vegetable proteins. 
This method is still a valuable one, and it Jis to be hoped 
that together with the latest processes for the isolation of 
hydrolytic cleavage products, which we owe to the genius 
of E. Fischer, we shall be able in the near future to form 
clearer ideas of the constitution of proteins. 

Occurrence and i'ropertUs. — With regard to most of the 
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proteins of leaves and roots we ' are ignorant of the state in 
which they are present in the cell sap and the cell protoplasm^ 
and indeed in most cases the proteins of the fully grown plant 
have received hut little attention. The best-known vegetable 
proteins are those which occur stored up in the seeds as 
*' reserve*' food for the growing organism, and they show many 
analogies with the corresponding animal proteins. As a role 
they resemble in their chemical and physical behaviour the 
animal globulins, ie, they are insoluble in water, but soluble in 
salt solutions and precipitated by dilution or by removal of the 
salts by dialysis. They crystallise very often inside the cell 
itself and they were the first crystallised proteins known (Hartig, 
1853). Protein crystals arc found especially in the endosperm of 
oily seeds, in the so-called " aleurone " grains (especially of the 
Para nut, castor-oil seed, etc.). From their solutions they can 
again be obtained in a crystalline form by relatively easy means. 
The methods introduced by Hofmeister for the crystallisation of 
egg albumin have not yet been applied to vegetable proteins. 
It is a remarkable fact that whilst the vegetable globulins 
crystallise most easily, the animal globulins have not yet been 
obtained in crystalline form. 

Most of the vegetable proteins, however, like those of the 
animal body, are characterised by their colloidal nature. Still, 
numerous transition stages between the colloid and crystalloid 
condition are also found ; thus many vegetable proteins are 
soluble in alcohol, have lost their property of being coagulated 
b} heat, and have a diminished viscosity. The vegetable 
proteins examined so far are all laevo-rotatory. 

Constitution of the Protein Molecule. Protein Hydrolysis. — 
Elementary analysis and the stuci}'^ of the physical properties 
and chemical reactions of the animal and vegetable proteins 
have led to their classification into more or less well-defined 
groups. These are subdivided according to purely external 
characteristics, such as origin, solubility, coagulability, etc On 
the basis of such properties we distinguish to-day some forty to 
fifty natural proteins, and this number will probably increase as 
the methods of differentiation are improved, A better know- 
ledge of the probable constitution of the protein has, however, 
resulted from the attempts to study systematically their cleavage 
produola The means which were made use of to obtain this 
end weri^ the action of enzymes, of adds and alkalies in varying 

i 



THE BIOCHEMISTRY OF ANIIfALS AND PLANTS 689 



proportions, of water under increased pressure, of oxidising and 
reducing agents, etc. Of all these methods two have led to the 
most constant and useful results — namely, hydrolysis by means 
of ferments and by dilute mineral acids — and these methods 
play at present a most important rftle in protein chemistry. 
Whilst the last method has led to a knowledge of the final 
cleavage products, the intermediate substances, which still sliow 
protein characters, have been made available for further study 
by the use of enzymes. The well-known stages of enzyme 
actiuii are the albumoscs or proteoses, the peptones and amino 
acids. Only quite recently E. Fischer has demonstrated an 
intermediate stage between the peptones and the amino acids 
by the isolation of the so-called polypeptides, which promise to 
be of the highest importance for the chemistry and biology of 
the proteins. 

The ideal aim of the chemist would he to separate the 
complex mixture of cleavage products quantitatively in such a 
way as to account for the whole of the carbon, nitrogen, and 
sulphur in the original protein. This idea will, however, pro- 
bably never be attained on account of the secondary reactions 
taking place during hydrolysis, such as formation of brovm and 
black pigments, splitting off of COi, etc. Even with the best 
methods at his disposal, £. Fischer has succeeded so far only 
in separating at the utmost 50 to 70 per cent of the amino 
acids present in the cleavage products. 

Under these circumstances it is of the greatest value to be 
able to obtain by a short and reliable procedure at least an 
approximate knowledge of the nitrogen distribution in the 
protein molecule, even if this does not aUow us to determine 
quantitatively the single cleavage products^ Such a method 
has been worked out, mainly in Hofmeister's laboratory, by 
Hausmann, and has been subsequently found trustworthy by 
Osborne and others. 

Hausmann's method is shortly as follows : The whole nitrogen 
of the protein is estimated by Kjeldahl's method. A weighed 
amount of the substance is then hydrolysed by means of hydro- 
chloric ncid. After complete hydrolysis the cleavage products 
are separated into three classes, and the nitrogen estimated in 
each by means of Kjeldahl's method 

I. Amide-N or ammonia nitrogen. This comprises the 
nitrogen of that part of the protein molecule which is easily 
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split off as ammonia, and is determined by distilling off the 
ammonia with magnesia. 

2. Diamino-N. 'Ihc iluid, free from ammonia, is precipitated 
by phosphotungstic acid, and the nitrogen present in the pre- 
cipitate determined. This represents the nitrogen of most of 
the diamino acids, such as histidine and arginine. 

3. Monoamino-N is estimated in the residual fluid after 
removal of the amide and diamino-N. 

Although this method is not absolutely correct, it has never* 
theless furnished most valuable information when applied to 
different animal and vegetable proteins, as is shown in the 
following table from the analyses of Osborne: 





ToldN. 


Zein (maize) . , 


. 16*13 


Hordein (barley) 


. 17*21 


Gliadin (wheat) . 


. 17-66 


Glutenin (wheat) 


• 1749 


GlotNiIm (wheat) 


. 1839 


Leucosin (wheat) . 


• 1693 


Edestin (hemp) . 


. 18-64 


Excelsin (Para nut) . 


. 18*30 


Oudnogen (milk) 


. 1$"^ 



Allllhto^fj DiHlfM4l* llOMBMbM'Ma 



»*97 


IHWIHIWI 11 » 
0-49 


l3*St 


4X>i 




12*04 


4i»o 


098 


I2'4I 


330 


2*05 


11-95 


1*43 


6-83 


9*8s 


116 


3SO 


11*83 


1-88 


591 


1078 


1*48 


576 


10*97 


t'6t 


349 


10*31 



These figures show interesting differences between other- 
wise similar proteins. New characteristics are given for some 
protein groups, f.g. the alcohol soluble vegetable proteins, which 
possess a high amide-N and low diamino-N. In Osborne's 
analyses (not given) of various so-called cdestins, great differ- 
ences of the diamino-N was revealed. The method has also 
proved useful for the differentiation of alljumoses (Pick), and 
interesting deductions as to ihc food value of vaiious pro- 
teins were drawn from its results (Blum). As 80 to 90 per 
eent of the carbon of proteins (according to Kossel) is 
present in combination with nitrogen, the method is likely 
to give important clues as to the constitution of different 
proteins* 

CUav^gg Ptwhtds.'-'The following is a list of the main sub- 
stances so fax met with among die hydrolytic products of 
proteins; they are classified roughly under the divisions of 
Hausmann's method, and in each case the constitutional name 
and discoverer of these substances are given : 
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Monoatnina-N 

Glycine (amino-acetic acid, Braconnot 1820). 
Alanine (amino-propionic acid, Weyl 188S}. 
Valine (amino-valerianic acid, Gorup-Besanez 185Q. 
Leucine (amino-caproic acid, Proust 18 18). 
Iso-leucine (amino-caproic acid, Ehrlich 1905). 



Serine (oxy- amino-propionic acid, Cramer 1865). 
Phenylalanine (phenyl-amino-propionic acid, Schulze and 

Barbieri 1881). 
Tyrosine (oxy-phenyl-amino-propionic add, Liebig 1846). 
Tryptophane (indole-amino-propionic add, Hopkins and Cole 

1901). 



Aspartic acid (amino-succinic acid, Plisson 1827). 
Glutaminic acid (amino-glutaric add, Ritthausen 1866). 



Proline (p3mroUdine carboxylic add, Fischer 1901). 

Oxy proline (oxy-pyrrolidine-carboxylic add, Fischer 1902). 

Diammo-N 

Ornithine (diamino-valerianic acid, Jaffe 1877). 

L3'sinc (diamino-caproic acid, Drechsel 1889). 

Arginine (ami 11 o-guanidine- valerianic acid, Schuize and 

Steiger 1886). 

Histidine (amino-imidazole-propiunic acid, Kossel 1896). 
Diamino-trioxy-dodecanic acid (Fischer and Abderhalden 
1904). 

Cystine (diamino-dithio-d-lactic acid, WoUaston l8lp). 

The proportions in which the various amino acids arc obtained 
from different proteins vary considerably. The quantitative 
examination of various proteins, by the help of the methods 
introduced by A. Kossel and E. Fischer, is being carried out at 
present in many laboratories, and has already furnished most 
valuable results, e.g. albumins are distinguished from globulins 
by their complete lack of the glycine group, whilst on the 
other hand gelatin furnishes as much as 17 per cent of 
this substance. The latter protein, however, does not yield 
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any tyrosine or tryptophane. The alcohol-soluble vegetable 
proteins are characterised by their complete lack of glycine 
and lysine, and are especially rich in glutaminic acid (gliadin 
of wheat containing 36 per cent). Some animal protdns, such 
as the protamines, yield enormously high percentages of 
arginine (salmine = 84 per cent.)- It is worth noting in this 
connection that in the hydrolysis of all important proteins 
which play the chief part in animal or vegetable metabolism, 
all these amino acids occur Hlmost without exception, so th^it 
the conclusion must be drawn that none of them can be 
dispensed with in organic life. 

S}'fi//ii'sis. — The stud}' and isolation of the hydrolytic cleavage 
products have thus been shown to be of the greatest importance. 
As the same substances are not only formed by the action of 
acids and alkalies, but also by the agency of the digestive 
enzymes, they are to be regarded as the true "Baustenic" 
(building stones), of which the complicated protein molecule is 
built up. Starting from this idea E. Fischer has been able to 
build up, by liiikuig together suiiplc amino acids (a process the 
reverse of hydrolysis), substances which he called polypeptides. 
These are very similar to the polypeptides which he isolated 
from digestive mixtures, and even some of the relatively simple 
ones, such as Heucyl-triglycyH-tyrosine, exhibit many of the 
properties of the albumoses. The octa-deca-peptide derived 
from fifteen molecules of glycine and three molecules of 
leucine, having the high molecular weight of 1213, is a sub- 
stance which, in its external properties, closely resembles many 
natural proteins. More than one hundred of these artifidsd 
polypeptides have already been synthesised, and we may expect 
in the near future the announcement of the synthesis of what 
£. Fischer regards as the simplest protein, namely silk-fibroin« 
which according to his researches only contains four different 
amino acids.^ 

QassificaHon of VfgUobU Frotetns, — ^The classification of the 
proteins in general is at present under revision, and can only be 
a provisional one in view of the rapid progress being made 
in their chemistry. It is possible that shortly the increased 
knowledge of the cleavage products and their quantitative 

■ For a complete account of Fiadiei's woik see liis bool^ CMkmwiaM||Mi 
uder AMtnosauren, Polypeptide und Ptvttkie, 1906 ; alao R. H. Aden Plinuner, 
SdXNCB PaooRESS, voL ii. 1907, 8& 
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relationships will produce an important change in our present 
classification. With regard to the vegetable proteins, this is 
all the more desirable, as they can only be fitted in with 
difficulty into the present system. A complete up-to-date 
treatise ' of the vegetable proteins has still to be written, and 
their nomenclature and classification are at present in a most 
unsatisfactory and perplexing state. For the purpose of this 
paper the material to be dealt with has been divided into four 
tnaia dasfies, it being recognised^ however, that this classification 
can only be a tentative one, and open to criticism. 
The following classes are proposed : 

1. Phyto-albumins. 

2. Phyto-globulins. 

3. Gliadins (alcohol-soluble proteins). 

4. Fbyto-caseins (phyto-vitellins).* 

I. The proteins of the first class are the least known of 
vegetable proteins, the reason for this being that the seeds, 
which form the main source for the study of plant proteins, 
contain albumins only in relatively small proportions. Many 
observations show, however, that they are also present in leaves 
and the cell-sap of other parts of plants. 

The vegetable albumins pc^ssess the same characteristics 
as those of animal origin. They are soluble in water and salted 
out by ammonium sulphate and other salts. They require a 
larger amount of salt for their precipitation than the globulins. 
They may be separated from the latter by dialysis, remaining 
in solution after the removal of the salts. They have not yet 
been obtained in a crystalline form, are coagulated by heat, and 
show all the typical colour reactions of the proteins. They 
are phosphorus-free. 

The best known of the vegetable albumins is a substance 
called ieucosm* It occurs in small quantities in grasses, but 
has been prepared mainly from wheat grains (also rye, barley, 
and maize), in which seeds it is present to the extent of 0*3—0*4 

^ Only two exhaustive treaties exist on vegetable proteins : I}u EiwdssJtdrper 
dtr (kinidMrtem, etc, RitdMusen, 1872 ; and IXt PnttUt dtr (kireidiarUHt 
«tc., Griessmayer, 1887. The latter is a ttamladoo of Chittenden and Osbone^a 

collected older papers. 

• The name " r.luterm " has recently been proposed by a committee of the 
Americ«m Physiological Society for these substances. 
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per cent For its preparation the seeds are extracted with water 
or dilute salt solutions, the whole of the dissolved proteins 
precipitated by saturation with ammonium sulphate, and a 
solution of the precipitate subjected in dialysis. The globulins 
become insoluble with the removal of the salt, and from the 
remaining aqueous solution leucosin may be precipitated in the 
usual way. It is coagulated at a temperature of 52*; this is 
lower than the heat-coagulating point of the corresponding 
animal albumins. It contains 16 per cent N. and 1*5 percent 
and on hydrolysis it furnishes nearly four times as much mono- 
amino*N as diamino-N. 

2. The Phyto-ghbuiins.— The best-known vegetable proteins 
belong to this class, and they represent the main reserve pro* 
teins of the 8eed& Their properties are so much like those 
of the animal proteins that they have been considered by 
Chittenden and Osborne — to whom we are mainly indebted for 
our knowledge about them — as directly analogous to the animal 
globulins. The ease with which many of them assume a crystal- 
line form, however, distinguishes them from the animal globulins. 
It is true that lately a doubt has been expressed by Wiman as 
to their globulin character, as he found o"4 per cent, phosphorus 
in legumin, the globulin of peas. But Osborne upholds bis view 
that the purified substances must be considered as phospliorus- 
free real globulins. Only phosphorus-free proteins ought to be 
included in this class. 

The best-known representative of this class, and one winch, 
on account of its easy preparation, has been most thoroughly 
examined, is cdcstin. It seemed from their properties and com- 
position iliat the various crystallised globulins called edestin, 
and obtained from iht: seeds of wheat, oat, maize, sunflower, 
cucumber, cotton, flax, and hemp, represent all one and the same 
substance. But the analysis by Hausmann's method, carried 
out by Osborne and Harris, revealed distinct differences in thdr 
molecular constitution. Edestin is easily prepared in laige 
quantities from hemp-seed, which contains about 6 — 8 per cent, 
edestia The seeds are fiirst treated with benzene, to remove 
the oil, then extracted with 5 per cent salt solution at 60* €.« and 
filtered warm. On cooling, edestm crystallises out, and may 
be easily reciystallised in the same way. It usually forms 
well-defined octahedra, but on slow crystallisation prismatic 
crystals may be obtained. Its insolubility in water distinguishes 
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it from the albumins ; it is, however, easily soluble in salt 
solutions, and gives most of the usual protein tests. It contains 
l8*5 — 18*8 per cent. N and O'S — 0*9 per cent. S, and is phos- 
phorus-free. Us heat-coagulation temperature is abont 90", 
much higher than that of the animal globuhns. Abderhalden 
has recently examined its cleavage products. 

Another very well-crystallised globulin of this class is the 
protein of the Para nut {Beriholktia cxcelsa), which has been 
called cxcelsin by Osborne. It occurs in a cr3'stalline form in 
the aleurone grams in the endosperm of this fiuiL, and can 
be easily obtained as hexagonal crystals in a similar way to 
that described for edestin, which it resembles in character and 
composition. Its hydrolytic cleavage products have recently 
been isolated by Osborne and Clapp. A striking feature is the 
unusually large proportion of arginine found (16 per cent). 
A very similar protein has been obtained by Osborne in a 
crystallised form from oats, and called by him av^mUm. 

The proteins of leguminous plants have been fairly well 
examined, and must be included in this dass. The globulin 
of beans, which is called pkaseolm (discovered by Ritthausen), 
amounts to about 20 per cent of the seeds, which contain also 
about 3 per cent of a second globulin of a greater solubility 
called pkaseim. They contain less nitrogen and sulphur than 
edestin and ezcelsin. The globulin of peas is called Ugumitu 
It is not precipitated by sodium chloride or magnesium sulphate 
on saturation, and gives a rose-red biuret reaction, like peptone. 
It is also only partially coagulated by heat The mono-amino- 
acids of its hydrolytic products have been examined by 
Abderhalden and Babkin, and these are very similar to those 
obtained from conglutin, the protein isolated by Ritthausen 
(and subsequently studied by Osborne) from lupins. The name 
of conglutin had formerly been given to a series of proteins 
isolrited from almonds, peach kernels, walnuts, etc. Osborne 
and Campbell showed that these proteins differed from con- 
glutin, and accepted the name " amandin " originally given by 
Proust, for the protein of almonds and peaches. The protein 
of the hazel nut {Cory/us) has been called corylin by Osborne 
and Harris. This differs from the globulin of walnuts (Jugl(Uis), 
which has been termed jnglansin by the same observers, in 
containing more amide-nitrogf n, and in being less rendily 
precipitabie by ammonium sulphate. For the separation and 
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dibtmctiuJi of these and olher vegetable proteins, fractional 
precipitation by ammonium sulphate (introduced by Hofmeister) 
and the application of Hausmann's method proved most 
useful. 

3. Tk§ AkoMsohibU Pnfiemsr— The substances belonging 
to this class, for which the general name giiadin is proposed, 
and which possess no direct analogues amongst the animal 
proteins,^ are characterised by their unusual property of being 
easily soluble in dilute alcohol, some even being soluble 
in 96 per cent, alcohol. Ritthausen was the first to point out 
that the seeds of wheat, rye, barley, maize^ and oats contain 
proteins which are insoluble in water and salt solution, but 
readily soluble in alcohol. In wheat these substances, together 
with the insoluble phyto-casein (gluteninX form the so-called 
gluten, the adhesive glue-like material, which is of the greatest 
importance in bread-making, by giving the necessary tenacity to 
dough. The chemical characteristics of this class are the high 
amount of glutaminic acid and the absence of glycine and 
lysine in their cleavage products. Only three substances of 
this class have so far been studied to any degree. They 
are called wheat gltadin, tem (from maixe), and kordem (from 
barley). 

IVIicat Gliaciin. — Ritthausen originally distinguished three 
alcohol-soluble substances in wheat which he called giiadin 
(plant glue), glutenfibnn, and muccdni. He was, however, 
unable to separate them quantitatively, and subsequent investi- 
gators, especially Osborne and Campbell, returned to the old 
view of Taddei's that there is only one alcohol-soluble substance, 
for which they retained the name ol giiadin. It seems, however, 
preferable to call it wheat giiadin in distinction from the 
group name. It is identical with the substance obtained from 
rye, and amounts to 4 to 5 per cent, of the grain. It is 
insoluble in absolute alcohol, but easily soluble in 70 to 80 
per cent, alcohol, and is precipitated from these solutions by 
the addition of water. It is especially characterised by the 
high percentage of glutaminic acid, which it furnishes on 
hydrolysis, amounting to 36 to 37 per cent., and the total 
absence of l3rsine among its cleavage products. On account 
of the strikingly different percentages of cleavage products 
from of animal proteins, it was chosen by Abderhalden 

\ ' Pick mmeitt a tmukunty to the prolo^llKiiiiotei. 
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and Samuely for an interesting experiment with regard to the 
synthesis of proteins in the animal body. These observers 
found that on administering it to a horse which had previously 
lost a large aniount of blood, the composition of the serum 
proteins remained constant. 

The alcohol-soluble protein of maize was called zein 
by Gorham, and subsequently maize-fibrin by Ritthausen. 
Osborne mid Chittenden reinvestigated this substance and 
retained the name zein. It is characterised by its solubility 
in even strong alcohol of 96 per cent* and its complete in- 
solubility in water Glutaminic add is also present in huge 
quantities among its cleavage products, and lysine is absent 
The indole^molecule (tryptophane) is also missing, and zein 
represents, therefore, a convenient material to investigate the 
question how far the absence of certain cleavage products 
influences the nutritive value of a protein. Hopkins and 
Willcock found that growth was very favourably influenced 
in young animals by zein and tryptophane, whilst zein itself 
was insufficient. 

Hordein is the name given by Osborne to the alcohol- 
soluble protein of barley. Its differs somewhat from wheat 
ghadin in its solubilities, and contains more carbon and less 
sulphur than the latter. The hydrolytic cleavage products, 
examined by Osborne and Clapp, resemble quantitatively 
those of the other gliadins. Lysine is absent, and as much 
as 41 per cent, glutaminic acid was found. The most marked 
feature, however, is presented by the very large pen^entage 
of proline (pyrrol idine-carboxylic arid), which exceeds that 3''et 
obtained from any other protein, being practically 14 per cent., 
or twice as much as that yielded by wheat gliadin. 

4. The Phyto-caseins (or Phyto-vitcllins). — These substances 
are found in maize, barley, rye, and wheat, and amount in 
some cases to nearly 50 per cent, of the total protein. When 
these seeds are coiiiijli tely extracted by treatment with water, 
followed by salt solution and subsequently alcohol, the residue 
still contains a large amount of protein, which can only be 
extracted by treatment with very dilute (0 2 per cent.) alkali. 
From this solution they are precipitated by neutialisation 
with acids. They are insoluble in water and alcohol, but 
show both add and basic properties, being easily soluble in 
a slight excess of alkali or add. The question of their per- 
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centage of phosphorus has not yet been definitely settled It 
may be mentioned here that, according to the unpublished 
results of an investigation carried out by Dr. Kajium and 
the author on the proteins of rice^ this cereal also contains 
a similar substance, which forms the bulk of the rice pro- 
teins. Curiously enough, although rice forms the staple food 
of Oriental races, its iHt>teins have not until now been 
examined. 

The best-known representative of this clas^ is glidmm, 
the alcohol-insoluble part of gluten of wheat. This substance 
may be easily prepared by the method explained above. In 
distinction from its constant companion, the wheat gliadin, it 
furnishes only 9 per cent, glutaminic acid, and contains 
2 per cent, lysine amongst its cleavage products. The main 
interest consists in its connection with gluten-formation. 
There is still some uncertainty about the process of gluten- 
formation and the conditions regulatinc^ it. The question is 
an important economic one, as it is intimately connected with 
the "strength" of flour — i.e. the property of wheat which 
makes it pre-eminently suitable for bread-making.^ The stiff 
coherent mass which is formed when wheat-flour is mixed with 
cold water owes its formation to the presence of proteins, for 
no such action takes place when pure wheat-starch is mixed 
with cold water. The question arises whether the gluten 
proteins exist pre-formed in the grain, or whether they are 
produced by a secondary change. Weyl and Bischoff com- 
pared this process to fibrin formation from librinogen in the 
coagulation of blood, and Lhey assumed the existence of a 
ferment which transforms in the presence of water tlie gluten- 
forming substances into gluten. They were, however, unable 
to demonstrate such a ferment, and the experiments of Osborne 
and Voorhees, although they do not exclude ferment action 
altogether, seem to prove that gluten is formed by the chemical 
or physical interaction of its two constituents— the gliadin and 
glutenia Attempts have been made to explain the relative 
strength " of flour from wheat and other cereals by the quan- 
titative relationship of glutenin to gliadin. It seems, however, 
to be more likely to depend on the physical state of the gluten^ 
which is, as already shown by Ritthausen and Osborne, 
dependent on the presence of mineral salts. 

' See A. E. Humphries, SasNCB Progriss, vol. ii. 1907, 175. 
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It miglit be mentioned finally th:Lt, aniongbL the veguiable 
proteins, albumose-like substances have also been nicl with, 
but their existence as such in seeds is doubtful. Small 
quantities of peptones have also been observed 

Typical nucleo-proteins occur in plants. The nucleic acid, 
isolat^ by Kossel from yeast, was the first substance of this 
type known. Osborne and Harris have lately isolated and 
investigated very thoroughly a nucleic acid from wheat em* 
bryos. It furnishes characteristic purine bases on hydrolysis. 

(To b$ cotUimted) 
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Textbooks of Physical Chemistry: Stoichiometry. By Sydney Young, D.Sc, 
F.R.S. Also an " Introduction to the Study of Physical Chemistry," by 
Sir VTilliain Ramsay, K.C.B., F.R.S., Editor of llie Series. [Pp. bd.+38i.] 
London ; Longment, Gwtn & Co. 7s, 6d» 

Nearly fear yean have elapsed since Ae fiist of these textbooks was issued. 

In that first volunie the hope was expressed that the others of the series would 
be ready for the press before the end of 1904. This hope has not been realised ; 
but so long as slight delay secures excellence of workmanship, and so long as 

contents of each velame aie brought up to date, one is prepared to cease 
grumbling and give a heaity welcome to each belated anivaL 

In the case of two of the previous volumes there was just gronnc! for complaint 
of the excessive bulk and price ; treatises on Spectroscopy and Stereochemistry 
extending to 500 or 600 pages are really quite beyond the limits of a textbook, 
and out of proportion to the scale of Ae earlier volume of tbe series. 

It is therefore gratifying to find that Professor Young, notwithstanding the 
fundamental and extensive character of his subject, has contrived to give an ex- 
cellent presentation of it within a reasonable compass. In gauging tfll extent of the 
ground which he has to ooveri it most be remembered that *' stoichiometry " means 
a good deal more nowadays than it once did. Althoui^ not a my common 
word, it is more than a centur}' since it was first used by Richter to denote the 
determination of the proportions in which substances combine. Subsequently 
the meaning has been extended to compreiiend not only the determination of 
atomic and molecnlar weights, hot also the stikly of die general properties of 
gases, liquids, and solids, the behaviour of mbttures, sohibilityt the prop e r t i e s 
of dilute solutions, and other kindred subjects. 

On the relationship between the gaseous and the liquid states, and on cognate 
problems, Professor Young is especially qualified to write, in virtue of his own 
esdensiTe and admufable investigations, bat in tiie other parts of the book also 
the treatment is generally good. A critical perusal of the two chapters on the 
determination of atomic weights may be recommended, for much kxne thinldng 
on this subject is current even among advanced students. 

As regards the division of tiie available space among the various sections of 
stoichiometry, and as regards the arrangement of tibe chapters, tiliere is some room 
for criticism. Only twenty-four pages are allotted to the consideration of the 
properties of dilute solutions — a space which, in view of the part played by dilute 
solutions in the development of modern physical chemistry, is decidedly inadequate. 
When this small space is compared with the 230 pages devoted in a previons 
volume to the subject of steric hindrance it is obvious that the scale of treatment 
by the different authors of the textbooks has been very far from uniform. 

The chapter on the properties of dilute solutions not only suffers from undue 
brevity ; in one respect, at least, it has not been brought up to date. The last 
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few years Jiave witnessed a remarkaMe advance in our experimeatal knowledge ef 
OMUQlic iMiiMiio in advanoe diiefly dne to Lotd Beikdsy and Mr. Hartley, on 
the one hand, and to Messrs. Morse and Frazer, on the other. The work of the 
latter in^vestigators is of the utmost importance, involving an extension to con- 
centrated solutions oi van 't Hoif 's formula for dilute solutions. In Professor 
Yoong's dbcnsrion of ooiotic piwuw, lM»wever, no ceferenoe is made to Mono 
and fnau^ work. 

In rc^yard o to the arrangement of the ch-ipters a word of criticism m:iy 
be i)ciinit;c(i 1 o devise an arrangement which should be universally acceptable 
is perhaps a vam hope, but it does seem curious that a chapter on ''The Dis- 
sociarien nt Gaaet and Vapocuv'' should be placed batwean one on ''Tba Periodic 
Law" and one on '*The Properties of Liquids." The author may have a good 
reason for this arrangement, but it would seem more rational to d;<;rn';'; rases of 
abnormal vapour density in that portion of the book w^ch deals with the molecular 
freights of ga&es and vaponrs. Again, the Inaartkm ot a diicoMion of Ae kinetic 
gas theoiy betweon chapters on the propaities of Itqindt and the p ro pa rt iaa of 
solids is open to rriticisnt It is no doubt tn!c that this theory is closely connected 
with van dei \\';i^ils' equation of ?tnfe, hut it shmild he discussed primarily in 
relation to the experimental gabtous laws. The three gaseous> laws which must 
be regaided as ftrodamental by the physical chaodst ara (i) Boyla^ Law, (a) Gay 
Lusac^s Law, (3) Gay Lussac's Law of Volameii and the descriptive expoeidon 
of these should be followed immediately by a discussion of Uiair tfaoofeticU baiu 
in the kinetic gas theory and Avogadro's bypt^esis. 

But although theie timi appears to be soma giowid Ibr critidsm, Prafesier 
Yoang% voltune may be cordially comment to all ttoae who sedt tq fiuniliarise 
themselves with the point of view of physical chami itey a pout of view which is 
both rational and stimulating. 

J. C. tkLlLW. 

Physiography. By Rolun D. SALiSBURy» Professor of Geology and Head 
of 1h» Department of Geography in the University of Chicago. London : 
John Muriny* 1907* 

IM this coontry iha tann physiography la appfisd by the Boaid of Hdncstton to an 

assemblage of theoretical and experimental material, gathered firmn xkeaily every 
branch of science, to form a subject for instruction and examination in our 
elementary schools, in the United btates, on the other hatui, it is employed 
with a mom definite nwawiny and oonoerns itself widi tibe physical aspects of 
our planet and their variations in time and space. It is a iiavmmta study in dm 
higher classes in schools, and !nu'cr rlnsse*^ in colleges, and the present volume 
h one of the best that has appeared in recent years to satisfy the demand for a text- 
book on the subject. Its most striking characteristic is iis wealth in illustration. 
Svory stsgo in tim avolntion of the famd is depicted in dearly reprodnosd photo- 
graphs of American scenery ; the diagrams are striking, and in many cases 
original ; but a still more important feature is the nimiber nf mrips. These include 
effective photographs from modeb, graphic representations oi the distribution of 
physical phenomena, and transcripts and &csimiles of Ae topographical maps 
of the United States Geological Survey. Thasa last an dosely oontonred, 
and ;J^^•c r-n excellent id(»a of the form of the earth's surface. One is glad to 
be reminded by the author that the originals can be obtained from the Dirertor 
of the Survey at Washington dX the rate of three dollars a hundred, which works 
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out at about three-hal^nce each. The author is to be congratulated on the fiut 
tliat he has in every case restricted his maps and diagnuott wifiihi tfie Snnts of 6ie 

fonnat of the book, duis avoidii^ the inconvenience of folded sheets. 

Though showing occasional traces of haste, the text is as a rule clear and 
readable, besides containing much that is suggestive and original. Perhaps the 
least satisfactory portion of the book is that which deals with the regional distribution 
ofpresaore in l^ffli latitudes^ Uie exphnatioDs that are efiieied being hardly calcufatted 
to carry conviction to the mind of the student It is true that much remains to be 
done in working out the details of the subject ; but the main principles admit of 
very simple expression. Briefly, the variations in pressure on the earth's surface 
arc dependent on dilfeienoes of tentpetatute^ noisttirei and oentrifiigal force 
to OM a uselttl teim by no means free from objection bat sofiidently well 
understood. The tendency of heat alone would be to make the pressure increase 
continuously from the equator to the poles. That of centrifugal force alone has 
exactly the contrary effect, for air moving towards the poles has a greater rotational 
velocity lihan tfiat proper to its neir latitude, and therefore tends to rise, while air 
moving towards the equator tends to sink. The magnitude of this dbct is 
dependent on the rate of change in the length of the radius of rotation, a rate 
which increases rapidly as the pole is approached. Thus it comes about that 
while tile influence of beat ^Bflbence is greater in tow latitudes iStmt of diflSsrenoe 
of centrifogal force is more powerful in high latitudes. If then the earth were 
a uniform solid spheroid, there would be a belt of low pressure round the equator 
and two areas of low pressure at the poles with high-pressure bells bet-.veen. In 
the colder regions, however, the air over the open sea is as a rule warmer as well 
as moister than that over ice or land masses. Tracts of <q>en sea in Ugb latituto 
are therefore characterised by abntntmally tow pressure. Acoordlnc^ we find 
in the North Atlantic and Pacific two areas of low pressure imposed upon the 
regular decrease of pressure firom the horse latitudes to the North Pole itself. 
Similarly in the Southern Hemisfdiere the open drcnm-antarctic sea gives rise 
to a drde of abnormally tow pressure. Beyond, in the region of Ajitarctic land 
and ice, the pressure is probably somewhat higher, refnesenting the nmmal low 
pressure of Uie pole. 

There are some minor points <m which a word of explanation might have 
been added for flie benefit of English readers. For instance, on page 509 we find 
the word ''bilU<m" used in the popular American sense of a thousand million 
instead of the square of a million, according to the usage of mathematicians, 
though, curiously enough, in a quotation from Sir John Herschell, on the very next 
page, a trillion is employed correctly, without comment, for the cube of a million. 
On pi^ 61 5 we are told that the English " unit of pressure gradient isa hundredtii 
of an inch in seventeen inilcs v, hich appears a very unreasonable convention in the 
absence of the explanation that it ff^nivalent to one millimetre in a degree. 

These however are minor matters. The book as a whole is excellent, and the 
best testimony to its value is the keen interest it has awakened m evory student 
in whose hands it has been placed. | 



John W. Etams. 
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